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invitation to asthma? 


not necessarily 


Tedral, taken at the first sign of attack, often 
forestalls severe symptoms. 


relief in minutes... Tedral brings symp- 
tomatic relief in a matter of minutes. Breathing 
becomes easier as Tedral relaxes smooth muscle, 


reduces tissue edema, provides mild sedation. 


for 4 full hours ... Tedral maintains more 
normal respiration for a sustained period—not 
just a momentary pause in the attack. 


Tedral provides: 
in boxes of 24, 120 and 1000 tablets 
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Until the advent of 
Levophed only 1 


of 20 pulseless cases 


of myocardial shock 
survived. With Levophed 
1 of 3 survive." 


Use Levophed first in 


cardiogenic shock. 


bitartrate 


Natural antishock pressor hormone 


Every day Levophed reverses ‘irreversible shock.’ 


*Tainter, M. L.: Bol. Asoc. méd. Puerto Rico, 47:305, Aug., 1955. 


LABORATORIES 
New York 18, N. Y. 


Levophed (brand of levarterenol), trademark reg. U.S. Pat. Off. 
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Cystinuria | H. Harris ano E. B. Rosson 


Clinical Studies 


Hypertrophy of the Right Ventricular Outflow Tract. A Concept of the Electro- 
cardiographic Findings in Atrial Septal Defect 
S. Gu.pert Brount, Jr., E. Appts Munyan, Jr. AND Murray S. Horeman 


The authors demonstrate that the rSR‘ pattern with a total QRS time of 0.08 to 0.10 second ob- 
served in certain congenital and acquired heart lesions, predominately atrial septal defects, is due 
to hypertrophy of the right ventricular outflow tract rather than to incomplete right bundle branch 
block. The evidence for this origin of the rSR’‘ pattern is adduced by careful studies which include 
multiple precordial electrocardiograms, serial tracings following cardiac surgery, direct recordings 
from the surface of the heart and intracavitary electrocardiograms. 
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Systemic Manifestations of Hypernephroma. A Review of 273 Cases 
LAWRENCE BERGER AND Marvin W. SInKorr 7°! 


This review of 273 cases of histologically proved hypernephroma is intended to put the systemic as 
opposed to the local manifestations of hypernephroma in perspective. A substantial proportion of 
these patients presented with general systemic and without localizing complaints and some proved 
to be difficult diagnostic problems, usually but not always solved by urography. The analysis is of 
special interest in respect to the classic associations with fever, amyloidosis, general debility, pri- 
mary complaints referable to metastases to the lungs, skeleton, liver and brain. 


Seminar on Bone Disease 


Osteoporosis . . Freperic C. Bartrer 79/7 


Osteoporosis is one of the most commonly encountered disorders of bone and often presents vexing 
problems in diagnosis, which usually is made by exclusion, and management. The principal defect 
is in formation of the bone matrix, of which collagen and other proteins are the major constituent; 
deficiency of bone mineral is a secondary consequence. Dr. Bartter defines and describes the clinical 
circumstances which are apt to be associated with osteoporosis, including the not inconsiderable 
group of cases of unknown cause. Treatment, which depends in part upon ascertainable etiology, is 
outlined it must often be prolonged, taxing patient and physician alike. 


Combined Staff Clinic 


Combined Staff Clinic (National Institute of Arthritis and Metabolic Diseases, Bethesda)— This 
clinic describes some of the more recent work on gout and summarizes current concepts of the patho- 
genesis of this disorder, and how these concepts have been reflected in improved management. The 
clinic begins with presentation of an advanced case of tophaceous gout, and discussion of the impli- 
cations of the manifestations of the disease in such patients. The application of isotope-labeled uric 
acid and uric acid precursors to study of purine metabolism in normal subjects and those with gout 
is then described, and the evidence for over-production of uric acid in some subjects with gout is 
summarized. The final section deals with the uricosuric action of phenylbutazone, probenecid and 
salicylate. 


Case Reports 


Isolated (‘Primary’) Chylopericardium, Due to Anomalous Communications with 
the Thoracic Duct, of Unknown Causation 
M. Mapison, Jr. AND Bruce Locue 825 
An intriguing case of chylopericardium without chylothorax, a rare condition, is presented. Com- 
munication with the thoracic duct was demonstrated by ingenious use of orally ingested lipophilic 
Contents continued on page 7 


for relief of daily tensions.. 


‘...a calmative effect...superior to anything we 
had previously seen with the new drugs.”* “ 


true calmative 


nostyn 


Ectylurea, AMES 


the power of gentleness 


anxiel “id tension 


without de pre on, drowsiness, motor wmcoordination 


NosTYN is a calmative—not a hypnotic-sedative—unrelated to any available 
chemopsychotherapeutic agent « no evidence of cumulation or habituation « does 
not increase gastric acidity or motility « unusually wide margin of safety 
—no significant side effects 

dosage: | 50-300 mg. ('% to I tablet) three or four times daily. 


supplied: 300 mg. scored tablets, bottles of 48 and 500. 
*Ferguson, J. T., and Linn, F. V. Z.: Antibiotic Med. & Clin. Therapy 3:329, 1956. 


AMES COMPANY, INC ELKHART, INDIANA 2808? 
AMES COMPANY OF CANADA, LTD., TORONTO 
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dves. There was no history of trauma, no etiology could be established. The chylopericardium dis- 
appeared after ligation and excision of both major lymphatic channels and all collaterals low in the 
thorax, together with establishment of drainage through a pericardial window. 


Progesterone-Induced Porphyria. Case Report 
Eprrue J. Levir, Joun H. Nopine anp H. 


The authors noted a rather striking association between attacks of acute porphyria, in a patient 
with acute intermittent porphyria, and endogenously produced or exogenously administered 
progesterone. 


Chronic Disseminated Histiocytosis (Schiiller-Christian Disease) with Pulmonary 


Involvement and Impairment of Alveolar-Capillary Diffusion 
D. Jr., GERARD EASTMAN 
J. HowLanp AUCHINCLOSS, JR. 


A well studied case of disseminated histiocytosis with significant pulmonary involvement in addi- 
tion to bone lesions and diabetes insipidus. Pulmonary function studies reveal the physiologic 
syndrome of impaired alveolar-capillary diffusion. Improvement on prednisone therapy is de- 
scribed, including the suggestion that much improvement may occur only in patients with pre- 
dominantly cellular rather than fibrotic reaction. 


ERRATUM 


In the March, 1957 issue, the Clinico-pathologic Conference, Figures 6 and 
7 are interchanged. The photomicrograph set as Figure 7 should appear with 
the legend for Figure 6 on page 494. The illustration set as Figure 6 should 
appear with the legend for Figure 7 on page 495. 
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METAPHOSPFHATE 


ACHROMYCIN V admixes sodium metaphosphate with 

tetracycline. ACHROMYCIN V provides greater antibiotic 

| absorption/faster broad-spectrum action and is indicated 
conditioned for the prompt control of infections, seen in everyday practice, 

a | hitherto treated with other broad-spectrum antibiotics. 

for qreater Available: Bottles of 16 and 100 Capsules. 

Tetracycline equivalent to tetracycline HCI. . 250 mg. 

Sodium metaphosphate 380 mg. 

ACHROMYCIN V dosage: 6-7 mg. per Ib. of body weight per day 

for children and adults. 


LEDERLE LABORATORIES DIVISION 

AMERICAN CYANAMID COMPANY 

PEARL RIVER. NEW YORK 
®Reg. U.S. Por. Off. 
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Ataraxoid 5.0 
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“Well. then. how about en brochette?” 


And—while we’re stretch- 
ing a point — what about 
all those folks who choose 
one kind of dish, stick with it, eat it all 
day, every day .. . only to discover (to 
their chagrin) that they’ve shortchanged 
themselves nutritionally? Especially in 
the important B-complex vitamins. So, 
for deficiences brought about by unsound 
mealtime habits or because of illness, 
senility, stress, or postoperative states, 
remember Sur-Bex with C. As a dietary 
supplement: 1 or 2 tablets daily. For 


postoperative convales- OB Gott 


cence: 2 or more daily. 


703100 


Just one Sur-Bex tablet a day supplies: 


6 mg. 
Pyridoxine Hydrochloride .............. 1 mg. 
(as cobalamin concentrate) 
Caletum Pantothenate 10 mg. 


sur-Bex with 


ABBOTT'S B-COMPLEX TABLETS WITH C 
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HYDROCHLORIDE 


hydrochloride 


Promazine Hydrochloride 


*Trademark 


THE ALCOHOLIC 


SPARINE is an agent of prompt, predictable, and potent action 
in controlling withdrawal symptoms. 

Often, in selected cases under the adequate supervision 

of the family physician, it may afford home control 

of postalcoholic agitation and hyperactivity.’ 


SPARINE is well tolerated on intravenous, 
intramuscular, or oral administration. 

Toxicity is minimal—no case of liver damage 

has been reported. Parenteral use offers 

(1) minimal injection pain; (2) no tissue necrosis 

at the injection site; (3) potency of 50 mg. per cc.; 
(4) no need for reconstitution before injection. 


Professional literature available upon request. 


1. Figurelli, F.A.; Indust. Med. & Surg. 25:376 (Aug.) 1956. 


®) 
Philadelphia 1, Pa. 
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MECAMYLAMINE HYDROCHLORIDE 


INVERSINE is chemically different from the 
quaternary ammonium ganglionic blockers, 
and orally is completely absorbed. This en- 
sures a predictable, reproducible and lasting 
hypotensive response—tomorrow’s dose of 
INVERSINE will bring about the same reduc- 
tion of blood pressure as today’s. “This drug 
is completely absorbed when given by mouth 
and has such a gradual onset and offset of 
action that a continuous and effective level 
of blockade can readily be achieved....’"" 
Reference: 1. J. Michigan Soc. 55:154 (Feb.) 1956. 


Dosage: Initial dose, 2.5 mg. twice daily, increased by 2.5 mg. at 2-day 
intervals. Average Caily dose 25-30 mg. 

Supplied: 2.5 mg. scored tablets and 10 mg. quarter-sected tablets in bot- 
ties of 100. 


INVERSINE IS A TRADEMARK OF MERCK @ CO., INC. 


MERCK SHARP & DOHME 


DIVISION OF MERCK & CO,, InNc., PHILADELPHIA 1, PA, 
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Predictable hypotensive effect — orally 


Conditions requiring diuretic treatment 
for sustained periods of time can be ideally 
controlled by Diamox. 


Diamox has been found strikingly effective in 
a variety of conditions: cardiac edema, 
glaucoma, epilepsy, toxemias of pregnancy, 
obesity, premenstrual tension. 


Administration of Diamox once daily or every 
other day results in adequate control of edema 
since Diamox is effective in the mobilization 
of edema fluid and in the prevention of 

fluid accumulation. 


A versatile diuretic, Diamox is well-tolerated 
orally, and even when given in long term 
dosage, side effects are rare. Excretion by the 
kidney is usually complete within 12 hours 
with no cumulative effects. 


Dosage can be adjusted to ensure a restful 
night. 


Supplied: Scored tablets of 250 mg. (Also 
in ampuls of 500 mg. for parenteral use.) 
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DRY, SCALY SKIN 
DETERGENT RASH 
SUNBURN 

SIMPLE ECZEMA 
DIAPER RASH 
‘DISHPAN'’ HANDS 
PRICKLY HEAT 
CHAFING 


plaints usually respond 
dramatically to 
TASHAN CREAM ‘Roche’ 


Antiprurient, soothing, and healing — 
contains vitamins A, D, E, and d-Panthenol, 
‘ in a cosmetically pleasing water-soluble 
base which fastidious patients will enjoy 
using. Hoffmann-La Roche Inc., Nutley, N. J. 
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in emotional disorders 


Serpasil® provides true emotional control 


In your daily practice there are undoubtedly many patients whose degree 
and type of emotional disturbance — characterized by overexcitation, anxiety 
and agitation—can not be adequately controlled with sedatives or weaker 
tranquilizers. These are the patients whom you can help most with once-a-day 
administration of Serpasil. For Serpasil actually sets up a “stress barrier” 
against anxiety and tension the patient would otherwise find intolerable. 
With Serpasil you can contro] the emotional turmoil of disturbed individuals ; 
and because Serpasil is restricted to prescription use, control remains in 
your hands. 


Although it is a first choice in hypertension, Serpasil does not significantly 
lower blood pressure in normotensive patients. 


USUAL DOSE: Initial range is 0.1 mg. to 0.5 mg. (two 0.25-mg. tablets) daily. 
As little as 0.1 mg. is sufficient for maintenance in some patients. Serpasil 
can be given in a single daily dose. 


“| .. relieves anxiety and irritability and calms the patient so effectively that 
because of this latter property alone, the drug should remain in the medicinal 
armamentarium.” 


Finnerty, F. A., Jr., and Sites, J. G.: Am. J. M. Sc. 229:379 (April) 1955 
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in hypertension 


Serpasil* can always be considered first 


BECAUSE alone: Serpasil successfully reduces blood pressure, slowly 
and safely, in about 70 per cent of cases of mild to moderate 


hypertension. 


BECAUSE asa “primer”: Serpasil may be advantageously used to begin 
antihypertensive therapy, however severe the case, since it 
gently adjusts the patient to the physiologic setting of lower 
pressure. 


BECAUSE asa “background” agent throughout other therapy: Serpasil 
permits lower dosage of the more potent antihypertensives 
needed for refractory cases, thus minimizing the incidence 
and severity of side effects. 


USUAL DOSE : Initially, two 0.25-mg. tablets. After a week, daily 
dose should be reduced to 0.25 mg. or less for maintenance. 


“ ..a useful agent for the treatment of certain types of hypertension... .The 
action ...was increased by combining it with [Apresoline]...’* 


1. Coan, J. P.. McAlpine, J. C.. and Boone, J. A.: J. South Carolina M. A. 51:417 (Dec.) 1955. 
2. Winsor, T.: Ann. New York Acad. Sc. 59:61 (April 30) 1954. 
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Serpasil® slows the rapid heart 


Many patients can benefit from the heart-slowing action of Serpasil. Those 
in whom tachycardia is deleterious are helped by its unique bradycardic 
effect, for Serpasil prolongs diastole and allows more time for the myo- 
cardium to rest. Blood flow and cardiac efficiency are thus enhanced. 


USUAL DOSE: 0.1 mg. to 0.5 mg. (two 0.25-mg. tablets) daily. After one or 
two weeks dose may be reduced. 


“Reserpine [Serpasil] was found useful in relieving the tachycardia and 
emotional symptoms associated with cardiac arrhythmias, thyrotoxicosis, 


neurocirculatory asthenia, and even coronary heart disease.” 
Halprin, H.: J. M. Soc. New Jersey 52°616 (Dec ) 1955 


in acute hypertensive crises 


Parenteral Serpasil 


Serpasil can be used alone in hypertensive emergencies or as a background 
to more potent antihypertensive agents. Its antihypertensive action is prompt 
and well-tolerated. 


USUAL DOSE: 2.5 mg. (1 ml.) intramuscularly. Additional intramuscular doses 
of 2.5 mg. may be given as necessary every 8 to 24 hours. 


‘“...appears to be [a] treatment of choice for hypertensive crises.” 


Griffin, R. W., Stover, J. W., and Ford, R. V.: New England J. Med. 254:593 (March 29) 1956. 
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Serpasil* relieves drink-inducing tension 


As a part of long-term therapy, oral Serpasil helps the alcoholic “stay on 
the wagon” by relieving drink-inducing tension, making him more amenable 
to your counseling. 
In acute alcoholism, delirium tremens can generally be controlled within 
24 hours with parenteral Serpasil...without the addicting or soporific 
dangers of drugs such as paraldehyde. 
USUAL DOSE: Chronic phase: two 0.25-mg. tablets or less daily. Acute phase: two 2.5-mg. 
parenteral doses (1 ml. each) 3 or more hours apart. Occasionally, repeat injections of 
2.5 mg. every 4 to 6 hours may be necessary. 

“... the tranquilizing and anziety-relieving properties of this drug 

[Serpasil] offer the possibilities of its being extremely helpful for the 

long-term therapy of the chronic alcoholic.” 

Greentield, A. R.: Am. Pract. & Digest Treat. 7241 (Feb.) 1956. 


In pediatric emotional problems 


Serpasil Elixir benefits the ‘problem child” 


Serpasil provides a shield against stress in the overreactive, tense, “problem 
child.” Striking remissions have been observed in children with excessive 


crying, poor eating and sleeping patterns. 
USUAL DOSE: 0.1 to 0.3 mg. daily (% to 1% teaspoons of Serpasi! Elixir, 0.2 mg. per 4-ml. 
teaspoon). 
“... provided dramatic relief in remitting the syndrome of irritability 
in 29 of the 32 cases studied...” 


Talbot, M. W., Jr.: Ann. New York Acad. Sc. 61:188 (April 15) 1955. 


In acute psychotic disturbances 


Parenteral Serpasil 


The family physician is often called to subdue and arrange for quick hos- 
pitalization of patients who suddenly experience violent psychotic episodes. 
With intramuscular Serpasil these patients are quickly tranquilized and 
rendered amenable to ‘quiet’ hospitalization. 
USUAL DOSE: 5 mg.intramuscularly followed,if necessary, by another 5-mg.intramuscular 
dose in 90 minutes. 
“It is now possible to discreetly manage acutely disturbed psychiatric 
patients by the prompt administration of adequate doses of reserpine 


(Serpasil). 
Ayd, F. J. Je: The Pharmacologic Management of Everyday Paychiatric Problems (A Scientific Exhibit). 
Presented at the Clinical Meeting of the American Medical Association, Boston, Mass., Nov. 29-Dec. 2, 1955. 
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Sserpasil: 


The side effects of Serpasil are charac- 
teristic of all rauwolfia preparations. 


Although millions of patients have taken 
Serpasil over the past several years, very 
few serious side reactions have been re- 
ported. There have been no cases of blood 
dyscrasia, liver damage, addiction or 
withdrawal symptoms. When patients 
are properly selected and the lowest ef- 
fective maintenance dose is established, 
the physician can prescribe Serpasil con- 
fidently, with little fear of untoward 
reactions. 


Depression 

Mental depression, which has developed 
in a small percentage of patients treated 
with rauwolfia, should be differentiated 
from the transient change in mood or 
physical fatigue that is experienced by 
almost everyone in the general popula- 
tion. It should also be distinguished from 
the lethargy experienced by some pa- 
tients on rauwolfia therapy. 


In the few cases in which mental depres- 
sion does occur, there is some question 
as to whether or not it is a direct effect of 
rauwolfia. According to Mayo Clinic in- 
vestigators,’ the evidence indicates that 
rauwolfia per se does not cause depres- 
sion, but rather that it unmasks an 
underlying susceptibility to depressive 
reactions. Kinross-Wright’ states: “It is 
likely that depression will occur only in 
a predisposed individual or in one who 
is already mildly depressed.” Ayd,* in a 
(very) recent paper, states: “That this 
drug may cause depression is uncertain. 
After reviewing a large number of so- 
called drug-induced depressions it ap- 
pears that in some cases what was called 
depression was excessive tranquilization, 
while in the rest, the patients were de- 
pressed before the drug was started, and 
what the drug did was make the depres- 
sion more apparent.” 


Whether or not it is an effect of rauwol- 
fia, physicians and responsible members 


side effects and precautions 


of the patient’s family should be on the 
alert for the development of symptoms 
of depression, particularly in patients 
with a history of pre-existing depressive 
tendencies. Daily doses above 0.25 mg. 
are contraindicated in the latter group. 
On withdrawal of rauwolfia, depression 
usually disappears, but active treatment, 
including hospitalization for shock ther- 
apy, has been required in some cases. 


Adjunctive use of mood-elevating agents 
such as Ritalin is often sufficient to re- 
verse mild depressions or drug-induced 
lethargy. 


Other side effects 


In addition to lassitude or drowsiness, 
other mild side effects of Serpasil include 
occasional nasal stuffiness and increased 
frequency of defecation and/or looseness 
of stools. Rarely, anorexia, headache, 
bizarre dreams, nausea and dizziness oc- 
cur. With parenteral Serpasil there is a 
possibility of marked hypotensive effect ; 
therefore, the blood pressure should be 
taken before injection and the patient 
kept under observation for 5 or 6 hours 
thereafter. Because initial doses above 
0.3 mg. tend to increase gastric secretion 
of hydrochloric acid, daily doses above 
0.25 mg. are contraindicated in patients 
with a history of peptic ulcer and lower 
doses should be used with caution. 


For further details on side effects and 
precautions, write Medical Service 
Division. 

1. Litin, E. M., Faucett, F. L.. and Achor, R. W. P.: Proc. Staff 


Meet., Mayo Clin. 31:233 (April 18) 1956. 
2. Kinross-Wright, V.: Wisconsin M. J. 55:1073 (Oct.) 1956. 


"3. Ayd, F. J., Jr.: Presented at the Sesquicentennial Convention of 


The Medical Society of The State of New York, New York City, Feb. 
18, 1957. 


SUPPLIED: 

TABLETS, 0.1 mg., 0.25 mg., 1 mg., 2 mg. and 4 mg. 
ELixirs, 0.2 mg. and | mg. per 4-ml. teaspoon. 
PARENTERAL SOLUTION: Ampuls, 2 mi., 2.5 mg. 
Serpasil per mi. Multiple-dose Vials, 10 mi., 2.5 mg. 
Serpasil per ml. 


APRESOLINE® hydrochloride (hydralazine hydrochloride CIBA) 
RITALIN® hydrochloride (methylphenidate hydrochloride CIBA) 


CIBA 


SUMMIT, N. J. 


2/244.9AK 


For the clinical accuracy your heart 
practice demands ... and a degree of port. 
ability never before approached in the field 
of ‘cardiography ...this new Sanborn in- 
strument offers a truly remarkable answer. 


In the VISETTE you will find outstand- 
ing Sanborn quality and performance, 
achieved through the latest electronic 
techniques and the most modern princi- 
ples of instrumentation. Tiny transistors 
largely replace bulky vacuum tubes... 
entire circuits are contained in plug-in 
printed wiring panels no larger than a 
playing card . . . ‘cardiograms are clearly 
traced on chart paper in a new, convenient 
width. Innovations such as these have also 
made possible economies in production, 
reflected in the comparably lower price 
of the new 300 VISETTE. 

Every design feature, every component 
in this modern instrument, serves a single 


purpose: clinically accurate ‘cardiograms 


A COMPLETELY 


Aly 


SANBORN 


electrocardiograph 


the eighteen model s00\/| SEITE 


with the greatest possible convenience. The 
“Sanborn man” in or near your city can 
provide complete details, and a demon- 
stration in your office if you wish. And 
of course you may try a VISETTE (as 
you can other Sanborn instruments) — 
before buying, without cost or obligation. 

To those who already own the famous 
Model 51 Viso-Cardiette, the new 
VISETTE can be an invaluable “com- 
panion” ECG — especially suited to use 
outside the office, or in hospital wards. 
Or, for those who prefer a larger instru- 
ment, using conventional 6 cm. width 
recording paper, the “51” is still available 
at $785 delivered. 


S AN BOR N 
cOMPAN Y 
WALTHAM 54, MASS. 
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carrier unto himself 


Once he is infected with athlete’s foot, he is likely to remain a “carrier 
unto himself,” even without re-exposure. Daily routine application 
of Desenex protects against reinfection and recurrence. 


fast relief from itching 
prompt antimycotic action S | 


Buffered at pH 6.5 
POWDER 


For most effective and convenient therapy and 
continuing prophylaxis, use Desenex as follows: 


AT NIGHT the Ointment (zincundecate) — 1 oz. 
tubes and 1 Ib. jars. 


DURING THE DAY the Powder (zincundecate) — 
114% oz. and 1 Ib. containers. 


AFTER EVERY FOOT BATH the Solution (undecy- 
lenic acid) —2 fl. oz. and 1 pt. bottles. Use only 
when skin is unbroken. 


In otomycosis, Desenex solution or ointment. 


Write for free sample supply to Professional 
Service Department. 


MALTBIE LABORATORIES DIVISION * WALLACE & TIERNAN, INC. @ Belleville 9, N. J. 
PD-7) 
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HYPERTENSION 


“ACTING IN CONCERT"T 


to treat 


the hypertensive patient 


as a whole 


Unitensen-R combines cryptenamine 
and reserpine which “act in concert” 
to control the entire syndrome of 
essential hypertension. 


Cryptenamine dependably lowers blood 
pressure, and improves cerebral and 
renal circulation. It also increases 
cardiac efficiency, and may arrest the 


progress of vascular damage. 


Reserpine raises the threshold of 
emotional response and stifles 
neurogenic aggravation of the disease. 


Given together, cryptenamine and 
reserpine produce a far better 
therapeutic effect than when given 
separately. And successful therapy 

is usually maintained with dosages well 
below those producing side effects. 


'Cohen, B. M.; Cross, E. B., and Johnson W.: 
Am. Prac. & Digest Treat. 6: 1030, 1955. 


IRWIN, NEISLER & COMPANY 
DECATUR, ILLINOIS 


Each grey-coated Unitensen-R tablet contains: 


1.0 mg. 
(tannates) 
0.1 mg. 


Dosage: | tablet t.i.d. 
For prescription economy, prescribe in 50’s. 


To serve your patients today — Cal! 
your pharmacist for any additional information 
you may need to help you prescribe Unitensen-R. 


Bibliography. Orgain, E. S.: Postgrad. Med. 17: 
318, 1955. Finnerty, F. A.: Am. J. Med. 17: 629, 1954. 
McCall, M. L., Sass, 0. K., Wagstaff, C.. and Cutler, J.: 
Obst. & Gynec. 6: 297, 1955. Cohen, B. M.: New York 
State J. Med. 55: 653, 1955. LaBarbera, J. F.: Med. Rec- 
ord and Annals 50: 242, 1956. Voskian, J.; Assali, N. 
S., and Noll, L.: Surg.. Gynec. & Obst. 102: 37, 1956. 
Crisp, W. E.. and McCall, M. L.: Am. Prac. & Digest 
Treat. 7: 620, 1956. Finnerty F. A.: Am. J. M. Sc. 229: 
379, 1955. 
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{brand of Meclizine HC! and Pyridoxine HCi) 


| 
stops morning sickness | 
‘Controlled studies indicate that 
SRNADOXIN relieves symptoms- 
quilmig-in 9 of every 10 gravida. 


Tolerance'’S excellent. 
Prescribe: One tablet at bedtime. 


? Severe Cases, one tablet at bedtime, 


of 25 and 100. K only. 
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if she neet 
a nutrition 
freedom 


prescribe 


calcium, iron, 
essential vitamins, 8 important 


Usually:3 tablets daily, with mea 
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. July—Cholesterol 


. September— Epidemiology 


Beginning July 1957 THE AMERICAN JOURNAL OF MEDICINE Presents 


SEMINAR ON ATHEROSCLEROSIS 


and Phospholipid 4. 
Metabolism 


Dr. DonALp ZILVERSMIT 
U/mv. of Tennessee 

Dept. of Physiology 
Memphis, Tenn. | 


August—-Serum Lipoproteins and Their 
Relation to Atherosclerosis 


Dr. Howarp A. 
Albert Einstein Medical Center 
Bronx, N. Y. 


of Athero- ©. 


sclerosis 


Dr. GEorRGE MANN 
200 Oakland Street 
Wellesley Hill, Mass. 


THE AMERICAN JOURNAL OF MEDICINE 


49 West 45th Street 


October—Genetic Aspects of Athero- 
sclerosis 
Dr. Epwin O. WHEELER 


Mass. General Hospital 
Boston, Mass. 


November—Hormonal Influences on 


Serum Lipids 


Dr. Davip ADLERSBERG 
Mount Sinai Hosfital 
New York, N. Y. 


December—Effects of Various Dietary 
Fats on Serum Lipids 


Dr. Epwarp H. AHRENS 
Rockefeller Institute 
New York, N. Y. 


New York 36, New York 


can you read this thermometer, 


Naturally not. Missing calibration makes it worthless. 


Equally useless and dangerous is a “quantitative” urine-sugar test that does not 
quantitate dependably, or omits readings in the critical range. 


Enzyme urine-sugar tests are sensitive and specific for glucose — excellent “yes” 
or ‘‘no’’ tests but undependable for quantitation. King and Hainline,' after testing 
1,000 urines, found an enzymatic urine-sugar test unable to distinguish in the 
important range between 12 per cent and 2 per cent or more of urinary glucose. 
Leonards,? in a report on 4,020 tests, revealed that “...in 502 out of 804 tests 
the wrong interpretation was made.” He concluded that enzymatic urine-sugar 
testing “...as a quantitative procedure is unsatisfactory and can lead to serious 
error in the interpretation of a patient’s clinical condition.’”” 


Failure to recognize this limitation of enzyme tests may result in incorrect 
insulin dosage,? and may lead to diabetic complications. 


(1) King, J. W., and Hainline, A., Jr.: Commercial Glucose Oxidase Preparations for the Detection of 
Glucose in Urine, Cleveland Clin. Quart. 23:212, 1956. (2) Leonards, J. R.: Evaluation of Enzyme Tests 
for Urinary Giucose, J.A.M.A. 163:260 (Jan. 26) 1957. 


reliable readings throughout the critical range— 
does not omit %4% (++) and 1% (+++) 


a 15 year “standard” in urine-sugar testing 


(ny AMES COMPANY, INC - ELKHART, INDIANA - Ames Company of Canada, Ltd., Toronto 
pers? 
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m well suited for prolonged therapy 

w well tolerated, relatively nontoxic 

m no blood dyscrasias, liver toxicity, Parkinson-like syndrome or nasal stuffiness 
m chemically unrelated to phenothiazine compounds and rauwolfia derivatives 
m orally effective within 30 minutes for a period of 6 hours 


for anxiety 


f 


2-methyl-2-n-propy!-!.2-propanediol dicarbamate—U. S. Patent 2,724,720 
Tranquilizer with muscle-relaxant action 


DISCOVERED AND INTRODUCED 


SUPPLIED : ( Bottles 50 tablets) 
400 mg. scored tablets 
200 mg. sugar-coated tablets 


USUAL DOSAGE : One or two 400 mg. tablets t.i.d, 
Literature and Samples Available on Request 


mictown © 
MEPROGAMATE MOLECULE 


23 
anxiety and 
tension states and muscle 
spasm 
é 
BY 
w 
WALLACE LABORATORIES, New B 
» New Brunswick, N. J : 
STANDARD 
400 wz. 
TASLETS 


| to minimize 
morning joint stiffness... 


Night-long salicylate therapy with a single dose of Persistin 
at bed-time helps prevent “joint jelling” in arthritic patients. 


Each Persistin tablet contains acetylsalicylic acid 22 gr. 
(160 mg.) and salicylsalicylic acid 72 gr. (480 mg.). 
The latter ingredient is slowly absorbed and eliminated 
for prolonged salicylate action up to 8 hours. 


Complete dosage information in PDR... bottles of 90 tablets 


Samples and literature on request 


Sherman 


Detroit 11, Michigan 


*Trademark—Pat. Pend. 
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The Twentieth 
Century Limited 


doesn’t have enough room to 
carry all the physicians who 
have reported their satisfac- 
tory experience ia controlled 
studies on GANTRISIN. 


Generally speaking, these in- 
vestigators have reported that 
GANTRISIN in one or more of 
its ten dosage forms is effica- 
cious in 3 wide range of in- 
fectious diseases. And the 
efficacy is decisive, rapid, 
enduring and, above all, well- 


— 


Gentrisin—_—- 
with a plus 
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in urinary tract infections 


© G A NTR Ss N ‘ROCHE’ 


prompt, specific action against pain 


and infection ...in one tablet 


ACTION: 

Azo Gantrisin is an antibacterial-analgesic agent specifically designed for treatment of 
urinary tract infections. The high plasma and urine levels of Gantrisin act systemically 
and locally to clear both descending and ascending infections. Painful burning, urgency 
and nocturia are relieved — often within 2 hours — by the analgesic action of phenylazo- 
diamino-pyridine HCI upon the mucosa of the lower urinary tract. 


‘USES: 
For antibacterial therapy and local pain relief in urinary tract infections; prevention of 


infection after cystoscopy, catheterization and other instrumentation. Also useful after 
urologic surgery. 


ADVANTAGES: 
Wide antibacterial spectrum... high plasma levels... high urine levels... high solu- 
bility (even in acid urine)...no need for alkalies...no likelihood of renal blocking... 


local pain relief. 


DOSAGE: 
Adults (and children over 100 Ibs) — 2 tablets, q.i.d. 
Children under 100 Ibs — 1 tablet, q.i.d. 


Caution: The usual precautions in sulfonamide therapy should be observed. Because Azo Gantrisin 
contains phenylazo-diamino-pyridine HCl, it is contraindicated in glomerular nephritis, pyelonephritis 
of pregnancy with gastrointestinal symptoms, severe hepatitis and uremia. in such cases, Gantrisin 


should be used alone. 


SUPPLIED: 
Red, monogrammed tablets, each containing 0.5 Gm Gantrisin plus 50 mg phenylazo- 


diamino-pyridine HCI; bottles of 100 and 500 tablets. 


Gantrisin®— brand of sulfisoxazole 


ROCHE 


HOFFMANN -LA ROCHE INC + NUTLEY «+ WN. J. 
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WHEN HER SWEET TOOTH TROUBLES HER DIGESTION 


to help her cope with carbohydrates 
avoid vitamin deficiencies 

TAKA-COMBEX Kapseals® — containing 

the starch-digestant Taka-Diastase,® 

B vitamins, ascorbic acid, and liver concentrates — 
are available in bottles of 100 and 1,000. 


TAKA-COMBEX Elixir —containing Taka-Diastase 
and B vitamins —is available in 16-ounce bottles. 


7. 


PARKE DAVIS & COMPANY DETROIT 32. MICHIGAN 


The American Journal of Surgery 
publishes the papers of 


| 
The Pacific Coast Surgical Association | 
, The American Society of Maxillofacial Surgeons | 
The American Association for the Surgery of Trauma 


The American Journal of Surgery, Inc. | 
49 West 45th Street, New York 36, New York | 
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WIGRAINE 


RELIEVES MIGRAINE QUICKLY 


If taken at the first indication of prodromal symptoms, Wigraine 
relieves migraine headaches in a matter of minutes. And because the 
Wigraine tablet disintegrates quickly, and acts promptly, less medi- 
cation is required to control the complete syndrome. 

Wigraine combines, in an uncoated tablet, ergotamine tartrate 
and caffeine to control vascular headache; belladonna alkaloids 
for nausea and vomiting; and acetophenetidin to relieve occipital 


muscle pain. 


Formula: Each Wigraine tablet contains 1 mg. ergotamine tartrate, 
100 mg. caffeine, 0.1 mg. of belladonna alkaloids (levorotatory )*, 
and 130 mg. acetophenetidin. 


Supplied: Individually foil-stripped and packaged in boxes of 20. 
Send for complete descriptive literature. 


*87.5% hyoscyamine, 12.5% atropine, as sulfate. 


Organon INC. 
ORANGE, N. J. 


FAST RELIEF is essential 
Lh 


your patients with generalized gastrointestinal 
complaints need the comprehensive benefits of 


Tridal 


(DACTIL® + PIPTAL®—in one tablet) 


rapid, prolonged relief throughout the G.I. tract 

with unusual freedom from antispasmodic 

and anticholinergic side effects 

One tablet two or three times a day and one at bedtime. Each TRIDAL tablet 
contains 50 mg. of Dactil, the only brand of N-ethyl-3-piperidy! 


LAKESIDE diphenylacetate hydrochloride, and 5 mg. of Piptal, the on/y brand 
of methobromide. 
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Your restless patients’ sleep problems 
can be managed conservatively 


Squibb Chloral Hydrate 


‘**The general practitioner likes it...”’ 
“’..can be given to patients of all ages and physical status...” 


**,..patients with cardiac disease...” 
“..no proof that it is deleterious to the heart...” 


**The psychiatrist often finds it the agent of choice...”° 
“*’.-much less likely to produce mental excitement...” 


**...frequently the favorite of the dermatologist...”’ 
“..skin reactions from it are uncommon...” 


Current Concepts in Therapy: Sedative-Hypnotic Drugs. 

II. Chloral Hydrate. New England J. Med. 255:706 (Oct. 11) 1956. 
adults: 1 or 2 7% gr. capsules or 1 or 2 teaspoonfuls of 

Noctec Solution 15 to 30 minutes before bedtime. 

children: 1 or 2 334 gr. capsules or %4 to 1 teaspoonful 

of Noctec Solution 15 to 30 minutes before bedtime. 

714 and 334 gr. capsules, bottles of 100. 

Solution, 74% gr. per 5 cc. tsp., bottles of 1 pint. 


SQUIBB 
Squibb Quality —the Priceless Ingredient ‘wocrec:® 
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Doctor » do you feel that your colleagues are missing important 
new medical findings by not reading The American Journal! 


of Medicine? 


Let us send them a complimentary copy—of course there is 
no obligation to you or your colleagues. Just fill out the 


coupon and mail it to us. 


Dr. ) our Name 


Address Address 


The American Journal of Medicine 
49 West 45th Sureet - New York 36, New York 


prepare your “over-forty’ patient for his future... ™ 


- 


30 
Three essential steps ae 


in establishing correct SUPERVISION 


BY THE 


eating patterns: 
A BALANCED In the development and 


maintenance of good eating 
habits, there are three 
essentials: support and 
supervision by the physician, 
a balanced eating plan, and 
selective medication.!?° 


EATING PLAN**’ 


SELECTIVE 
MEDICATION'* 


OBEDRIN PROVIDES: 

e Methamphetamine for its anorexigenic and mood-lifting effects. 
e Pentobarbital as a balancing agent, to guard against excitation. 
e Vitamins B, and B, plus niacin to supplement the diet. 

e Ascorbic acid to aid in the mobilization of tissue fluids. 


Since Obedrin contains no artificial 1. Eisfelder, H.W.: Am. Pract. & 
bulk, the hazards of impaction are Dig. Treat. 5:778 (Oct. 1954). 
avoided. The 60-10-70 Basic Plan pro- 2. Freed, S.C.: G.P. 7:63 (1953). 
vides for a balanced food intake, with 3. Sherman, R.J.: Medical Times, 
sufficient protein and roughage. 82:107 (Feb. 1954). 


and the 60-10-70 Basic Pian 


FORMULA: 


Semoxydrine HCI (Methamphetamine HCl) 5 mg.; Pentobarbital 20 mg.; Ascorbic 
acid 100 mg.; Thiamine mononitrate 0.5 mg.; Riboflavin | mg.; Niacin 5 mg. 


Write for 60-10-70 Menu pads, weight charts and clinical supply of Obedrin. 


THE S. E. MASSENGILL COMPANY 


BRISTOL, TENNESSEE 
NEW YORK ° KANSAS CITY e SAN FRANCISCO 
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‘Roche’ announces... 


GANTRISIN PLUS 


cin 


OLEANDOMYCIN 


Here is antibacterial cross fire to check many 
systemic and local infections. Gantrimycin com- 
bines the modern, broad-spectrum sulfonamide, 
Gantrisin, with the new and dramatic antibiotic, 
oleandomycin. 


Gantrimycin is effective against both gram-posi- 
tive and gram-negative organisms. Of special 
significance . . . its antibacterial spectrum in- 
cludes staphylococci which display increasing 
resistance to penicillin and most other antibiotics 
... a timely and well calculated approach to the 
mounting problem of drug resistant pathogens. 
Gantrimycin is well tolerated with little evidence 
of cross resistance with most other antibiotics. 


Each Gantrimycin tablet contains 333 mg Gantrisin 
and 75 mg oleandomycin (in the form of the phosphate 
salt): supplied in bottles of 50. 


HOFFMANN - LA ROCHE INC «+ NUTLEY « WN. J. 


Gantrisin ® —brand of sulfisoxazole Gantrimycin™-™- 


(Recs) 


FOR SEVERE —INCLUDING MALIGNANT— HYPERTENSION 


~ECOLID Js a powertul, orally effective ganglionic blocking 


agent. In some > patients it has dramatically reversed the 


course of severe hypertension and prolonged their lives. 


ECQOLID has been shown to produce a /onger /asting, smoother 
and more consistent and predictable response than either 
pento/inium or hexamethonium. However, as with a// gangli 


onic blocking agents, the patient must be carefully managed 
Before instituting reatment with ECOLID, it is advised that 
the physician be thoroughly familiar with this drug s effects 
as well as side effects. Complete literature nay be obtained 


from the Medica/ Service Division, CIBA, S umunit. New Jersey. 
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the “reducer” 


happy 


brand Methamphetamine Hydrochloride 


‘Methedrine’ dispels abnormal craving for food, 
and subtly elevates the mood. Reducing diets are 
accepted easily. without frustration. 


*Methedrine’ ts safe. in recommended doses, for 
pregnant women. 


‘Methedrine’ brand Methamphetamine Hydrochloride 
Tablet of 5 mg., scored. 


te BURROUGHS WELLCOME & CO. (U.S.A.) INC., Tuckahoe, New York 


‘ 
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Announcing a unique new rauwolfia 


In mid-1955, Abbott Laboratories released for clinical trial 
a new alkaloid of Rauwolfia canescens. This new alkaloid, 
later named Harmony|l, received special attention because of 
the high potency and low toxicity it exhibited in pharma- 
cological testing. 


Since that time, Harmony! has been tried in conditions rang- 
ing from mild anxiety to major mental illnesses and in hyper- 
tension. Every charactertistic of the drug was studied .. . 
evaluated . . . compared. And from the reports, one fact 
stands out: 


ein more than two years of clinical trials, Harmony! has 
exhibited significantly fewer and milder side effects in com- 
parative studies with reserpine. This, while demonstrating 
effectiveness comparable to the most potent forms of rauwolfia. 


e Most significant: Harmony! causes less mental and physical 
depression. And there are very few reports of the lethargy seen 
with many other rauwolfia preparations. 


This is not to suggest, of course, that side effects will not 
occur with Harmony!—as with any potent therapeutic agent. 
But the mildness of side effects, in the few instances in which 
they have been reported, suggests Harmony! as a drug of 
choice in conditions ranging from mild anxiety to major 
mental illness and in hypertension. 


Why fewer and iess severe side etfects? 

Some investigators suggest that the evidence of less para- 
sympathetic effect with Harmony! in animals might also be 
true in man. In chronic toxicity studies with Harmony! this 
was manifested by less diarrhea, “‘bloody tears’’ and ptosis in 
rats than was observed with the same dosage level of reserpine. 
Dogs also exhibited milder side effects—in particular, diar- 
rhea. No organ toxicity or hematological change occurred over 
a wide dosage range. 


Harmony! as a tranquilizer 

While Harmonyl’s safety is most impressive, clinical investi- 
gators have reported other notable characteristics for this 
wide-range tranquilizer. For instance, following an eight- 
month study of chronic, hospitalized mental patients, 


Ferguson’ reported: 


Harmonyl 


(Oeserpidine, Abbott) 


@ Harmony! benefited at least 15°) more overactive patients 
than oral reserpine. 


eHarmony! was more potent in controlling aggression, 
requiring only one-half to two-thirds the dosage of reserpine 
to achieve equal therapeutic effect. 

eA number of patients experiencing side reactions during 
treatment with reserpine were completely relieved when 
changed to Harmonyl. 


In his summary, Ferguson concluded: ‘The most notable im- 
pressions were the absence of side effects and relatively rapid 
onset of action with Harmonyl.” 


Harmony! in hypertension 
Hypertension studies show that the average reduction in blood 


pressure obtained with Harmony! compares closely to that 
obtained with reserpine. The tranquilizing effect of the two 
drugs also appeared similar, except that few cases of giddiness, 
vertigo, sense of detached existence or disturbed sleep were 
seen with Harmonyl. 


Dosages In mild anxiety, as little as 0.1 mg. of Harmonyl a 
day may be effective. In institutionalized psychiatric patients, 
not less than 2 to 3 mg. a day is likely to be beneficial. 


In mild essential hypertension, treatment may be started with 
one 0.25 mg. Harmony! tablet three or four times a day. After 
about ten days (or sooner, depending upon response), dosage 
may be reduced. A maintenance dose of 0.25 mg. daily is 
often sufficient. 


Precautions, Contraindications As with other forms of 
rauwolfia, Harmony! must be used cautiously in peptic ulcer 
and epilepsy and in patients about to undergo surgery or 
electroshock treatment. Despite the infrequency of reports 
involving depression, patients with a history of depressive 
episodes should be watched carefully. 


Professional literature is available upon request. 
Supplied: Harmony! is supplied in ObGctt 
0.1-mg., 0.25-mg. and 1-mg. tablets. 


Reference: 1. Ferguson, J. T. Comparison of Reser pene and Harmony in Patients 
A Preliminary Report, Journal Lancet, 76.389, December, 1956 *Trademart 708166 
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much less CNS overstimulation... 


less than any other anorexic youre using... 


only 3.7% of 699 patients on proper dosage 
schedule exhibited CNS overstimulation with 


Synatan (fanphetamin)* 
Synatan 


tanphetamin protocolloid complex, Irwin, Niesler 


the smoothest amphetamine compounds you can use... 


Seco-Synatan™ 


Synatan with secobarbital 


each Synatan tabule contains tan- To serve your patients today — 

phetamin (dextro-amphetamine eall your pharmacist for any addi- 
tannate) 17.5 mg., equivalent to tional information you may need to 
5.25 mg. of d-amphetamine base. help you prescribe Seco-Synatan and 


| Synatan. 
Seco-Synatan contains Synatan 


A For prescription economy, pre- 
17.5 mg. and secobarbital 35.0 mg. | y+ P 


scribe Synatan and Seco-Synatan 
dosage: One or two tabules at in 50's. 
10:00 a.m. for all day control. Garrett, T. A.: Clin. Med. 3: 1183 (Dee.) 1956. 


«IRWIN, NEISLER & CO. DECATUR, ILLINOIS 
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VITAMINS — MINERALS 


to meet additional dietary requirements 


throughout pregnancy and lactation 


Patients prefer PRENATAL DRI-KAPS because they are dry-filled, easy- 
to-swallow and leave no aftertaste. 


Physicians prescribe PRENATAL DRI-KAPS because they can be cer- 
tain of: Comprehensive Multivitamin — Multimineral Supplementa- 
tion * Specific Antianemia Factors + More Rapid and Complete 
Absorption + Convenient Dosage (1 to 3 Capsules Daily) 


LEDERLE LABORATORIES DIVISION 
AMERICAN CYANAMID COMPANY 
PEARL RIVER. NEW YORK camsuces 


Each capsule contains: 
Vitamin D ...... .400 U.S.P. Units 


Thiamine Mononitrate (B,). .2 mg. 


Vitamin K (Menadione) 0.5 mg. 
Ascorbic Acid (C) ........ 35 mg. 
ck 1 mg. 


Calcium (in CaHPO;,) ... .250 mg. 
Phosphorus (in CaHPO;«) . .190 mg. 
Dicalcium te 
Anhydrous (CaHPO«) .. 
Irom (im FeSOu) ........... 6 mg. 
Ferrous Sulfate Exsiccated . .20 mg. 
Manganese (in MnSOx«) . .0.12 mg. 
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“Hey, Tommy, 
have youheard about ~% American Journal of Medicine 
the delicious new 4 
apple-flavored TEN YEAR INDEX 
ABDEC DROPS j July 1946 through June 1956 


~ 
4% » 


This subject and author index pro- 
vides an invaluable aid for quick 
reference and review purposes to 
the articles and authors who have 
appeared in the journal during the 
past ten years. 


FORM 


The American Journal of Medicine, Inc. 
49 West 45th Street, New York 36, N. Y. 


Please send me the new Ten Year Index to 
The American Journal of Medicine for 
which Ienclose $3.00 U.S.A.—$3.50 Foreign 


ABDEC DROPS are supplied in 15-ce. (New York City residents, add 3% sales tax) 
and in 50-cc. bottles with calibrated 
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non-breakable plastic droppers. 


REPRINT ORDER FORM 


THE AMERICAN JOURNAL OF MEDICINE 
49 W. 45th St., New York 36, N. Y. 


Please send me the following Seminars 
reprinted from the AMERICAN JOURNAL 
oF MEDICINE: 


GASTROINTESTINAL PHystioLoGy $2.00 


0 BLtoop CoaGuLaTION $2.00 
© Anti Hypertensive Drucs $2.00 
Hemorytic ANeMIAS $2.00 
© CARBOHYDRATE METABOLISM $2.00 
0 ALLERGY $2.00 
© Diseases OF THE PANCREAS $2.00 


Enclosed is my check 


Name- 


| > 


City State 


mmmmm’’*- 


>Ktranslation: “It so happens that highly 


palatable, apple-flavored ABDEC DROPS 
are, at present, my source of nutritional 
supplementation, providing ample 
amounts of eight important vitamins in 
aqueous, nonalcoholic form.” 


PARKE, DAVIS & COMPANY 
Detroit 32, Michigan 
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NEOBON 


TO FIGHT THE INROADS OF AGE 


Current opinion stresses the importance of early recognition of 
the undesirable effects of aging, and adequate metabolic support 
of the body’s fight against them.' NEOBON, by providing 4 factors 
PLUS 1, corrects all 5 of the recognized treatable causes of aging. 


Gonadal Hormone Decline —NEOBON’S daily dose of 3 mg. Methyl- 
testosterone and 0.018 mg. Ethiny! Estradiol offsets it. 


Hematinic Deficiencies—NEOBON combats nutritional anemia and 
iron deficiency with essential hematinic factors. 


Digestive Enzyme Deficiency —NEOBON supplies pepsin and pan- 
creatin to insure proper absorption and utilization of foods— 
despite digestive “let-down” of aging. 


Nutritional Inadequacy —NEOBON’S complete combination of essen- 
tial minerals and vitamins replaces deficiencies inherent in the 
restricted diets of the aging. 


PLU S-— NEOBON’S new lysine, the amino acid that lifts low value vegetable 
proteins to the high grade quality found in meat and eggs. 


NEOBON in bottles of 60 soft, soluble capsules; prescription only. 
1. Klemme, H. L.: Clin. Med., October, 1956. 


NEW NEOBON LIQUID, a geriatric tonic 
providing gonadal and thyroid supplementation, im- 
proved carbohydrate and protein utilization, hematinic 
action, and mild antidepressant effect. 
i In 16 oz. bottles; prescription only. 


PEACE of mind ATARAX® @ Chicago 11, Illinois 
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comes quickly 
for itching, burning, 


scaling scalps... 


Why is Selsun the most effective 
treatment known for seborrheic 
dermatitis of the scalp? 

Selsun relieves itching and burn- 
ing with the first few applications. 

Then, Selsun completely controls 
scaling—in 81-87°%% of seborrheic 
dermatitis, 92-95% of dandruff 
cases. 

And relief lasts up to four weeks 
between applications, with few re- 
missions when Selsun therapy is 
continued as needed. Selsun is sold 
in 4-fluidounce plastic bottles with 


directions, on 
prescription only. ObGott 


once you prescribe Sel un 


®Selsun — Selenium Sulfide, Abbott 
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Sh-hh... 


NUDGES YOUR PATIENT TO SLEEP 


Use Placidyl to relieve simple insomnia without need of barbiturates. 
You'll find it especially desirable for helping patients sleep during 
periods of worry, mild excitement, domestic or business strain, and 


the like. Excellent, too, for daytime tranquilizing and muscle relaxation. 


100-mg., 200-mg., and 500-mg. capsules, bottles of 100. (bbott 
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Even stubborn 


trichomontasis vields... 
because Tricofuron 


is effective 


during menstruation, 


the critical time 
for therapy. 


Recurrences of trichomoniasis “are most likely 
to follow the menstrual period.”' 

“Over and over again today patients are seen 
with what is said to be an intractable, treatment- 
resistant Trichomonas infestation, but history- 
taking often reveals that such patients have never 
had treatment prescribed during any menstrual 
period.” 


Menstrual blood in the vagina “forms an ex- 


cellent medium for the rapid multiplication of T. 
vaginalis” and “lowers the acidity of the vagina 
and hence there is a tendency to recrudescence 
[of trichomoniasis] at that 

Tricofuron is powerfully trichomonacidal 
“even in the presence of vaginal debris and men- 
strual blood.” 


For 44 of 48 patients: lasting cure was obtained 
with a single course of Tricofuron therapy.® 


Vaginal Suppositories —for home use—each morn- 
ing and night through one cycle, including the im- 
portant menstrual days. Contain 0.25% Furoxone® 
(brand of furazolidone) in a water-miscible base. 
Box of 12, each sealed in green foil. 


Vaginal Powder —for office use—applied by the 
physician at least once a week, except during men- 
struation. Contains 0.1% Furoxone in an acidic 
powder base of lactose, dextrose, citric acid and a 
silicate. Bottle of 30 Gm. 


References: |. Bernstine, J. 8.. and Rakoff, A. E.: Vaginal Infections, 
Infestations and Discharges, New York, The Blakiston Company, Inc., 
1953, p. 235. 2. Overstreet, E. W.: Arizona M. 10:3863, 1953. 
3. Schwartz, J.: Obst. Gyn., N. Y. 7:312, 1956. 4. Crossen, R. J.: 
Diseases of Women, St. Louis, The C. V. Mosby Company, 1953, p. 292. 
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MILLIONS OF 
ASTHMATIC ATTACKS 


have been aborted faster...more effectively... 
more economically with 


Automatically measured dosage 
and true nebulization...nothing 
to pour or measure...QOne in- 
halation usually gives prompt 


relief of acute or recurring 


asthmatic attacks. 


Medihaler-Epi replaces in- 
jected epinephrine in urticaria, 

—s/ 

zy \ edema of glottis, etc. due to 

acute food, drug or pollen re- 


actions...Each 10 ec. bottle 


~ SUITABLE SLIPS INTO POCKET delivers 200 inhalations. 
FOR CHILDREN, TOO OR PURSE 


. IN ASTHMA PRESCRIBE EITHER 


Medihaler-E | Riker brand epinephrine Medihaler-|ISO" Riker brand isoproterenol 
U.S.P. 0.5% solution in inert, nontoxic aerosol HCI 0.25% solution in inert, nontoxic aerosol 
vehicle. Each measured dose 0.12 mg. epinephrine. vehicle. Each measured dose 0.06 mg. isoproterenol. 
In 10 cc. bottle with measured-dose valve. In 10 cc. bottle with measured-dose valve. 


Note: First prescription for Medihaler medications should include the desired 
medication and Medihaler Oral Adapter (supplied with pocket-sized plastic 
carrying case for medication and Adapter). 


The Medihaler Principle — 
is also available in Medihaler-Nitro™ (octyl nitrite) for the rapid relief of angina pectoris 
..and Medihaler-Phen™ (phenylephrine-hydrocortisone-neomycin) for lasting, effective 
relief of nasal congestion. PR 
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Zoxazolamine*® 
consistently effective 
im low back pain 


“... Of 90 patients with low back pain and other muscular conditions... 
67 (74 per cent) showed a good response... 


“...17 of...20 patients with post-traumatic muscle spasm of the low 


back had excellent or good responses.’” 


“In acute and chronic recurrent low back syndrome, seven of eight 
patients showed visible objective improvement.’” 


Bibliography 
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Am. Pract. & Digest Treat. 8:443, 1957. 


How Supplied 


Pink, Enteric Coated tablets (250 mg.), bottles of 30. 
Yellow, scored tablets (250 mg.), bottles of 50. 


*U.S. Patent Pending 
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OLEANDOMYCIN TETRACYCLINE 


clinically proved 


ycin 


provides added certainty in antibiotic therapy particularly for 
that 90°. of the patient population treated in home or office... 


Multi-spectrum synergistically strengthened 
SIGMAMYCIN provides the antimicrobial spectrum of 
tetracycline extended and potentiated with oleandomy- 
cin to include even those strains of staphylococci and 
certain other pathogens resistant to other antibiotics. 


Supplied: SIGMAMYCIN CAPSULES — 250 mg. (oleandomycin 83 mg., 
tetracycline 167 mg.), bottles of 16 and 100; 100 mg. ( oleandomy- 


cin 33 mg., tetracycline 67 mg.), bottles of 25 and 100. SIGMAMYCIN 
FOR ORAL SUSPENSION —1.5 Gm., 125 mg. per 5 cc. teaspoonful 
‘oleandomycin 42 mg., tetracycline 83 mg.), mint flavored, bottles 
of 2 oz. *Trademark 
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Resul 
of E. coli and Candida albicans: Pan 
monilia (white grains). Panmycin Phosp 
teria and monilia (clear ring). Nystatin 


mpeft) eliminates the bacteria, but not the 
(center) eliminate both the bac- 
pthe monilia, but not the bacteria (haze). 


tetracycline 


Each capsule contains: Tetracycline 
phosphate complex equivalent 
to tetracycline hydrochloride, 
250 mg; Nystatin, 250,000 units. 
Indications and dosage: Same as for 
tetracycline HCI. 

Supplied: Botties of 16 and 100 
capsules. 
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ABDOL with 


for the ones who need 


supplementary minerals 


as well as vitamins 


_An entirely new preparation—designed 
especially for growing voungsters—A BDOL, 
WITH MINERALS FOR CHILDREN © 
provides 10 important vitamins plus 10 
additional mineral components. This un- 
usually comprehensive nutritional supple- 
ment is available in economical capsule 
form. 


Each capsule represents: 
VITAMINS 
Vitamin D ... . « « (25 meg.) 1000 units 
Vitamin C (ascorbic acid) 
Vitamin B, mononitrate (thiamine mononitrate) 
Vitamin B, (riboflavin) . . 
Vitamin B, (pyridoxine bydsechloride) . 
Calehum pantothenate . . 
2 « 6 0.1 mg. 
MINERALS 
. . . 23 mg. 
. . 0.05 mg. 
"Cobalt... 0.025 mg. 
* Potassium 2.5 mg. 
__ Available in bottles of 100 capsules. 


PARKE, DAVIS & COMPANY 


DETROIT 32, MICHIGAN 


** 


ay 


‘ 
| 
¥x 
i 
~ 
4 
sorts 


Look out for the “little” strokes resulting 
from abnormal capillary fragility. Many 
cerebral accidents may be avoided if ade- 
quate amounts of capillary protective ftac- 
tors—hesperidin complex and ascorbic acid— 
are provided.’ 


The true character of the “little” strokes lies 
in clusiveness—a sudden dizzy spell, 
temporary numbness of a hand, bizarre feel. 
ing of pain, or subtle personality change. 
Such symptoms are typical of little strokes 
and usually pass quickly, but they are likely 
to 


harly recognition can gain vital therapeutic 
time. Hesper-C provides hesperidin complex 
and vitamin © essential for the protection of 
the capillaries to prevent further damage. 


l. Gale, 1... and thewle, W.: Geriatrics 14055 
2. Alvarez, W. C.: Geriatrnus 16:555, 1955. 3. Contereme on 
Cerebral Vascular Disease, American Heart Assn iation, 
Princeton, N. J., 1957. 


Hesper-C 


Available: As capsules— and NEW Hesper-C Liquid for your geriatric patients. 

Provides: 100 mg. hesperidin complex plus 100 mg. ascorbic acid per capsule or teaspoonful (5 ml.) 
ol syrup. 

It 6 capsules or teaspoonfuls daily, or more. No toxicity or untoward effects have ever been reported 
even with massive doses. 


Products 


THE NATIONAL DRUG COMPANY 


Research Philadelphia 44, Pa. 


felt dizzy...” 
| LN eee 
( 


for prompt clinical response in many common infections 


especially those of the urinary and respiratory tracts 


Squibb Triple Sulfas 
Trvulfapyrimidines 

e Highly soluble in the urine, especially at critical 
levels’ 


Prompt, high blood levels’ 


Excellent tissue diffusion' 


e Few sensitization reactions' 


Tablets, 0.5 Gm., bottles of 100 and 1000. 
Raspberry-flavored Suspension, 0.5 Gm. per 5 cc. teaspoonful, 


pint bottles. 
SQUIBB iv Squibb Quality—the Priceless Ingredient 
@ 1. Leber. D.: Modern Med. (Jan. 15) 1955. 


Each Multiple Compressed Tablet of Merrotone 
provides the inseparable antiarthritic, antirheumatic 
benefits of: 

1. Prednisolone buffered—the newest and most po- 
tent of the “predni-steroids” for prompt relief of 
joint pain and arrest of the destructive inflammatory 
process. 

2. Meprobamate—the newest and safest of the 
muscle-relaxant tranquilizers for profound relaxa- 
tion of skeletal muscle in spasm. 

Tolerance to this combination is good because there 

is little likelihood of sodium retention, potassium 
depletion or gastric distress with buffered predniso- 
lone, and meprobamate rarely produces significant 
side effects in therapeutic dosage. 
_ An additional important therapeutic benefit, often 
overlooked, stems from the tranquilizing action of 
meprobamate. This component of MEPROLONE re- 
lieves mental tension and anxiety so often manifest 
in arthritics, making them more amenable to other 
rehabilitation measures. 


INDICATIONS: A wide variety of conditions, in which 
four symptoms predominate: a) inflammation 4) muscle 
spasm ¢) anxiety and tension d@) discomfort and disability; 
i.c., rheumatoid arthritis, rheumatoid spondylitis (Marie- 
Striimpell disease), Still’s disease, psoriatic arthritis, osteo- 
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1. Meprobamate the only tranquilecer with 
muscle-relaxant action. 


arthritis, bursitis, synovitis, tenosynovitis, myositis, fibro- 
sitis, fbromyositis, neuritis, acute and chronic low back 
pain, acute and chronic primary and secondary fibrositis 
and torticollis, intractable asthma, respiratory allergies, 
allergic and inflammatory eye and skin disorders (as main- 
tenance therapy in disseminated lupus erythematosus, 
periarteritis nodosa, dermatomyositis and scleroderma). 


SUPPLIED: Multiple Compressed Tablets in bottles of 
100 in two formulas as follows: Mernotone-1—1.0 meg. 
of prednisolone, 200 mg. of meprobamate and 200 mg. of 
dried aluminum hydroxide gel. Merrotone-2— provides 
2.0 mg. of prednisolone in the same formula. 
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NO OTHER 
ANTIRHEUMATIC 
PRODUCT 
PROVIDES AS MANY 


BENEFITS AS 


MEPR© |] 
PREONISO| buffered 


THE ONLY 
ANTIRHEUMATIC, 


ANTIARTHRITIC 
THAT SIMULTANEOUSLY 


RELIEVES: 
1. MUSCLE SPASM 

2. JOINT INFLAMMATION 
3. ANXIETY AND TENSION 


4. DISCOMFORT 


AND DISABILITY 


MERCK SHARP & DOHME 
DIVISION OF MERCK CO.. Inc PHILADELPHIA 1. PA. 


MEPROLONE che crete mart Merck & Ca. 


check! 


STERANE can’t improve his gambit, help him castle or assure a 
checkmate...but STERANE can check asthmatic bronchospasm, 
dyspnea and wheezing to help your patient move about freely in 
almost any pastime or profession with minimum discomfort or 
restriction. Most potent corticoid, STERANE (prednisolone) is 
supplied as white, scored 5 mg. tablets (bottles of 20 and 100) 
and pink, scored 1 mg. tablets (bottles of 100). 


PFIZER LABORATORIES Division, Chas. Pfizer & Co., Inc. Brooklyn 6, New York 


> 


steady, high-level codeine analgesia. Rebuilding 
of effective analgesia with repeated doses is 
avoided. Patient comfort is continuous. 


There is more pain relief in DONNAGESIC Extentabs 
than in codeine alone — codeine analgesia is potentiated 
by the phenobarbital present. In addition, phenobarbital 
diminishes anxiety, lowering patient’s reactivity to pain. 


DONNAGESIC is safer, too, for codeine side effects are 
minimized by the peripheral action of the belladonna 
alkaloids. 


extended action—The intensity of effects smoothly 
sustained all-day or all-night by each DONNAGESIC 
Extentab is equivalent to, or greater than, the maximum 
which would be provided by q. 4h. administration of one- 
third the active ingredients. 


CO: DONNAGESIC Extentab gives 10 to 12 hours of 


U. S. Pat. Pat. applied tor. 


no pain breakthrough 


extended action tablets of CODEINE with DONNATAL® 


Myoscyemine Suffate.......... 0.3111 mg. 
Atropine Sulfate... . 0.0582 mg. 
Hyoscine Hydrebromide ........ 0.0195 mg. 
Phenobarbital .. 48.6mg. (er)... 48.6 mg. (% gr.) 


| A. H. ROBINS CO., INC., RICHMOND, VIRGINIA Ethical Pharmaceuticals of Merit Since 1878 


- 
once every 10-12 hours 
and 
for all codeine uses 
(4 
DONNAGESIC No. 1 (pink) | DONNAGESIC No. 2 (red) 
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clinical use of. 
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OINTMENT 


“it has fulfilled better 


ing pain, itching, irritation and 
non-surgical ried medica ments 
HEMORRHOIDS, PRURITUS ANI, 
FISSURES, PERIANAL DERMATITIS, | | ! Ud | if at 
PAPILLITIS, etc. Non-sensitizing. 


contains high grade Norwegian cod 


liver oil, zinc oxide, lanolin, talcum, | . { 
narcotics, or “caine” drugs which 


might mask serious anorectal dis- 


orders. “promotes 
; Available on smooth epithelization 


your prescription 


in tubes of 1'/2 0z., 
— granulation tissue and 


Liberal SAMPLE supply on request accelerates healin 9"! 


DESITIN CHEMICAL COMPANY, provinence 4 


New RECTAL DESITIN OINTMENT is not to be confused with regular DESITIN OINTMENT 
1. Spiesman, M. G. and Malow, L.: Amer. J. Proctology, June 1956. 
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for what’s new 
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You, too, will find this authoritative, independent journal a leader for 
first reportings of what’s new in general and specialized operative 
techniques. This practical journal presents regularly a treasury of 
skillfully executed illustrations, feature articles and important sym- 
posiums. Publishes the papers of Trauma, Maxillofacial and Pacific 
Coast societies. Edited by a board of internationally distinguished 
surgeons. Subscribe now, 12 months, U.S.A. $15.00, Canada $16.00, 


Foreign $17.00. 
The American Journal of Surgery 
OF THE YORKE GROUP 


Publishers of The American Journal of Medicine, The American Journal of Clinical Nutrition, Modern Drugs. 
49 West 45th Street, New York 36, N. Y. 
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This is “the most 


valuable drug that 


has been introduced 


for the treatment of 
ulcerative colitis” in 


recent years.’ Results 


of treatment with 
Azulfidine “far exceed 
those of any previous 
drug used”.? “It has been 


effective in controlling the 


GRAND OF 


disease in approximately 
two-thirds of patients 
who had previously 
failed to respond to 
standard colitis therapy 


currently in use.”? 


1. Barcen, J. A.: “Present Status of Hormonal 
and Drug Therapy of Ulcerative Colitis”, 
South. M. J. 48: 192 (Feb.) 1955. 

2. Barcen, J. A. and Kennepy, R. L. J.: “Chronic 
Ulcerative Colitis in Children”, Postgrad. 

Med. 17: 127 (Feb.) 1955. 

3. Morrison, L. M.: “Response of Ulcerative 

Colitis to Therapy with Salicylazosulfapyridine”, 


A. 158: 366 (Jon. 38) 8968. PHARMACIA LABORATORIES, INC. 
501 Fifth Avenue, New York 17, N. Y. 
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rheumatoid arthritis 
METICORTELONE 


... fapidly reduces swelling, tenderness and pain on motion 


... overcomes disabling muscle spasm 


__. maintains therapeutic benefits by minimizing the sodium retention, 
edema and potassium loss associated with older corticosteroids 
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AFTER ALMOST 

FIVE YEARS OF 

INVESTIGATION 

AND EXTENSIVE 
CLINICAL USE 


‘MILLIONS OF 


PRESCRIPTIONS 
THERE HAS NOT 
BEEN A SINGLE 
REPORT OF 
A SERIOUS OR 
FATAL REACTION 
TO ERYTHROCIN 


ANTIBIOTIC 


This remarkable safety record stands un- 
paralleled in systemic antibiotic therapy 
today. In addition to being an unusually 
well-tolerated drug... ERYTHROCIN (com- 
pared to most other commonly-used anti- 
biotics) is virtually free of side effects. 


Still, with this virtual freedom from tox- 
icity, ERYTHROCIN is effective in the great 
majority of common, bacterial respiratory 
infections. In speaking of pneumonia, Her- 
rell said, “the lack of toxic manifestations 
following administration of erythromycin 
today actually favors its use over that of 
the broad-spectrum antibiotics in the treat- 
ment of this infection.” 


While discussing purulent cellulitis and 
sepsis due to staphylococci, Eastman, et al., 
mentioned erythromycin as a drug of first 
choice in treating these conditions.’ 


Meanwhile, Solomon and Johnston stated, 
“in the staphylococcic and streptococcic in- 
fections, other than pneumonias, without 
exception the results of treatment with ery- 
thromycin were excellent.”? 


THERAPY 


You, too, can have these same good results 
in your everyday practice—plus the assur- 
ance of prescribing a drug proved to be 
exceptionally well-tolerated in almost five 
years’ use. Filmtab ERYTHROCIN Stearate 
(100 and 250 mg.), in bottles of 25 and 100. 


throcin 


STEARATE ( Erythromycin Stearate, Addott) 


1. Merrell, W. E., Erythromycin, Antibiotics Mono- 
graphs, No. 1. 34, New York, Medical Encyclopedia 
1955. 2. Eastman, G.. Cook, E. and Bunn, P., 


N.Y. State J. Med., 56:241, 1956. Solomon, S. 
and Johnston, B., Amer. J. Med. 230-660, 1955. 
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sulfonamide 
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urinary tract 
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direct / effective 


THIOSULFIL. 


Brand of sulfamethizole 


greater solubility 
means rapid 
action with 
minimum side effects 
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Pretreatment 
serum choles- 
terol range. 


mg. 


Under 250 
(8 patients ) 


250-300 
(18 patients ) 32% 
300-350 

34% 


(9 patients ) 


Over 350 


QUALITY / RESEARCH 


elevated serum cholesterol 


‘Cytellin’ reduces the absorption of dietary cholesterol and the 
reabsorption of endogenous cholesterol excreted in the bile. Severe 
dietary restrictions are not necessary to obtain a significant de- 
cline in serum cholesterol level. For a majority of patients, ‘Cytel- 
lin’ provides the most rational and practical therapy available. 


In addition to lowering hypercholesteremia, ‘Cytellin’ has been 
reported to effect reductions in CP ratio, S¢10-100 lipoproteins, 
and beta lipoproteins. 


May we send more complete information? 
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Foreword 


T is now nearly fifty years since Garrod |/)} in 
his Croonian lectures reviewed his new con- 
cept of the “inborn error of metabolism,” illus- 
trating it by describing his preliminary studies in 
albinism, alkaptonuria, cystinuria and pentos- 
uria. He made free use of the newly rediscovered 
Mendelian theory of inheritance and argued not 
only that some human beings were different from 
others on account of their genetic makeup (this 
difference being inherited according to the 
Mendelian laws), but also that such a hereditary 
difference between human beings could some- 
times be mainly biochemical. He further sug- 
gested that the immediate mechanism for such 
apparent abnormalities might be the absence of 
an enzyme essential for normal metabolism. 
It will be noted that he anticipated, therefore, 
the current view of the close connection between 
genes and enzymes. It was also essential to his 
theory to postulate that such inborn errors of 
metabolism were lifelong constant features. 

In reviewing our modern concept of these in- 
born errors, we need to modify only slightly 
Garrod’s original views. First, however, let us 
attempt to define our present terms more closely. 
To this end I suggest the following: “By an in- 
born metabolic error is meant a permanent in- 
herited condition due to a primary enzyme 
abnormality. As a result one or more chemical 
compounds may follow an altered metabolic 
pathway and may be found in some body fluids 
in greatly increased or decreased quantities.” 
We must now consider further the more im- 
mediate results which could, theoretically at 
least, ensue from such a disorder. 


A—> B—> C 


In the above diagram we are supposing that 
in the course of normal metabolism a substance 
A is changed successively by separate specific 


'Garrop, A. E. The Croonian lectures on inborn 
errors of metabolism. Lancet, 2: 142, 1908. 


enzymes into substances B, C and D. If D is the 
final excretory product, say urea, carbon dioxide 
and the like, then it is likely to be formed some- 
where in large quantities, but the preceding 
compounds, depending on their rate of turnover, 
need be present only in minute and perhaps un- 
detectable amounts. If, now, a genetic defect 
occurs in which the enzyme for turning C into D 
is partly or completely absent (or for some reason 
inactive), clearly two consequences could ensue: 
(1) an accumulation of substance C which may 
appear to the casual observer as the presence of 
large quantities of a substance hitherto not sus- 
pected to occur in normal metabolism, and 
(2) an absence or reduced amount of the norma! 
and well known metabolite D. It is also theo- 
retically possible that in certain favorable situa- 
tions the absence of the enzyme may be directly 
detectable by some assay method. This situation 
can be represented as follows: 


Error of metabolism 
Cc 
A—> 
Metabolic block 


It is that envisaged by Garrod as accounting for 
some of the findings in albinism, alkaptonuria, 
cystinuria and pentosuria. There seems to be 
no doubt nowadays that this situation occurs In a 
number of cases. In albinism for instance (as 
Garrod also noted) it is the absence of a sub- 
stance (melanin) rather than any accumulation 
which is the most obvious feature. In phenyl- 
ketonuria it is the accumulation of pheny!l- 
alanine, whose further metabolism is grossly 
defective, that points the way to the elucidation 
of the pathogenetic mechanisms. In hypo- 
phosphatasia we have a unique example where 
the first detected biochemical abnormality was 
the greatly diminished quantity of an enzyme 
(alkaline phosphatase). Clearly, when one or 
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another of these abnormalities is detected we at 
once get a lead as to what else we must look for. 
Indeed in many of the instances mentioned in 
this Symposium it will be noted how subsequent 
research has enable such further features to be 
discovered. We must stress, however, that it is 
not necessary for a primary enzyme absence or 
deficiency to show itself in such a gross manner, 


for there may well be alternative methods of 
producing and thus correcting the deficiency of 


the substance D or of disposing of a potential 
accumulation of substance C. It is no chance 
accident that many of the earlier discovered 
inborn errors have concerned disorders of aro- 
matic ‘substances. Presumably in such cases 
alternative methods of metabolism would more 
likely be absent and the inborn error thus more 
readily detectable. The situation would be more 
dificult to discover if it concerned smaller 


aliphatic molecules. For instance, an error of 


Normal 


Excretion defect 


transmethylation from methionine to form 
choline might well lead to dire pathologic conse- 
quences. This, however, need not reveal itself 
by the accumulation of any appreciable amount 
of methionine, since methionine can be metab- 
olised in more than one way and the amount 
normally used for transmethylation can thus be 
readily disposed of. : 

It is of interest that Garrod himself was 
greatly puzzled because his metabolic block 
theory could not explain many of the findings in 
human cystinuria. His theory necessarily im- 
plied that the substance which accumulated in 
body fluids was difficult for the body to metabo- 
lise. This certainly seemed to be the case in 
alkaptonuria when feeding homogentisic acid or 
its precursors led to large increases in the 
amounts of homogentisic acid excreted in the 
urine. Many of the earlier workers however had 
noted that this did not occur with cystine in 
cystinurics, for cystine given orally did not in- 
crease cystine output in the urine and seemed 
indeed to be readily metabolised in the norma! 
manner. There was a further discrepancy in 
cystinuria, namely the presence in the urine in 


most cases of large quantities of the diamine bases 
cadaverine and putrescine, and also, in the 
opinion of a few workers, of other amino acids 
such as lysine, leucine and tyrosine. The un- 
ravelling of this particular problem is dealt with 
in detail later in this Symposium. It is sufficient 
to note here that a simple metabolic error in 
the Garrod sense should cause only simple bio- 
chemical abnormalities of the type mentioned 
in the foregoing diagrams and should not in- 
volve apparently unrelated chemical substances. 
We are forced, therefore, to introduce further 
concepts to understand these other findings. 

The first of these is that of the excretion defect. 
This is very simple and merely means that a 
normal end product of metabolism which should 
be excreted in the urine will inevitably ac- 
cumulate in the body if an abnormality of renal 
function with respect to this substance is present. 
The mechanism here can be shown as below: 


kidney 


A—> B —>C (in body) —» C (in urine) 


kidney 


A —» B —> C (in body) ....» ¢ (in urine) 


C 


where the last stage is not a change of one sub- 
stance into another but transportation of the 
same substance from one place to another. An 
example of this possible mechanism was men- 
tioned by Garrod and concerned the accumula- 
tion of uric acid in patients with gout. Thann- 
hauser {2} has recently upheld this interpretation 
although other workers in this field have made 
the defect appear much more complicated. This 
type of defect must remain a theoretic possibility 
for a limited number of compounds. Some work- 
ers have attributed the accumulation of cystine 
in cystine storage disease (cystinosis) to be due, 
as an immediate cause, to inability of the kidney 
to excrete cystine. The evidence is slender and in 
addition is difficult to accept in the case of a 
substance which is not a normal end product of 
metabolism. 

A further possible mechanism also exists 
which was not suggested by any of the earlier 
workers. This is that a substance which is 
normally retained and effectively metabolised so 
that only minute quantities appear in the body 


*? THannuauser, S. J. The pathogenesis of gout. 
Metabolism, 5: 582, 1956. 
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secretions may, however, appear in large quanti- 
ties, say in the urine, owing to an abnormally 
increased excretion; that is, to a high renal 
clearance. This “renal” mechanism can be 
represented as follows: 


Normal 


High renal clearance 
or 
Deviation of metabolism 


This clearly occurs in renal glycosuria and it 
has always seemed puzzling to the present writer 
that this mechanism was not implicated until 
recently in cystinuria. Perhaps the concept was 
too physiologic for the biochemists who pio- 
neered these fields! The renal mechanism has 
not even yet been fully excluded as the cause 
of the homogentisic aciduria occurring in 
alkaptonuria, nor in the more recently dis- 
covered xanthinuria |3| nor in the phospho- 
ethanolaminuria occurring in hypophosphatasia. 
It will be seen later that such a renal mechanism 
involves essentially a transport process in which 
a compound is transferred without overall 
change in composition from one part of the 
organism to another. Even though such transport 
processes are under enzymic control they need 
not be so compound-specific as a true metabolic 
process (using this term in its more correct 
meaning which implies change of composition). 
The writer prefers to refer to this general type of 
leak mechanism as a “‘deviation of metabolism,” 
implying that a compound which can be readily 
metabolised in the body is, so to speak, whisked 
away before this is allowed to happen. A differ- 
ent name is convenient, as this process is different 
in many ways from the classic Garrodian “error 
of metabolism."* One would expect it, for in- 
stance, to be less harmful to the organism, and 
one would expect the quantitative relationship 
between the amount of the substance formed in 
the body and the amount recovered in the urine 
to be much less precise. 

Finally there is a still further theoretic ab- 
normality which could account for the superficial 


*Denr, C. E. and Pumror, G. R. Xanthinuria. An 
inborn error (or deviation) of metabolism. Lancet, 1: 
182, 1954. 
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appearances of an inborn error of metabolism. 
Metabolic freak Am—> UL, X 


In this diagram it is assumed that the enzyme 
which in most people converts C into D is not 


A—>B—»C —»D 
kidney 


46 (in urine) 


A—> B —»C—pd 


C (in urine) 


absent nor present in lesser amount, but is re- 
placed by an entirely different enzyme. This 
enzyme forms a different substance X, which 
therefore appears in the body as an accumulation 
of an apparently foreign substance. This mecha- 
nism, which might be termed a “metabolic 
freak,’’ was not thought to be a very likely one 
when this subject was previously considered 
by the present writer [4]. He had in mind then 
that in many previous cases apparently freak 
substances of this kind (for instance, porpho- 
bilinogen) had eventually turned out to be 
normal metabolites. While this is probably still 
true for small molecules, it now seems certain 
that in the large structural proteins at any rate 
true freaks of this kind can occur. One need 
only mention for example the different forms of 
hemoglobin found in subjects with various forms 
of anemia. 

It remains now to discuss the medical signifi- 
cance of these inborn errors of metabolism and of 
the various concepts that have been developed 
from and around them. The most fascinating 
and hopeful feature must already have been 
noted by any worker who has studied this 
group of diseases. This is that even apart from 
the family history their diagnosis is nearly always 
a comparatively simple matter because the in- 
born errors often represent wide deviations from 
normal. The difference between diagnosing a 
case of alkaptonuria, phenylketonuria or cys- 
tinuria and, for instance, a case of disseminated 
sclerosis, lupus erythematosus or pyelonephritis, 
is SO great as to suggest that there is a completely 
different basic factor at work. This is perhaps the 
most happy aspect to be derived from the con- 


*Dent, C. E. Der Aminosdurestoffwechsel. Schweiz- 
med. Wehnschr., 80: 752, 1950. 
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cept of inborn errors for it suggests that the 
genetic theory may one day do for medicine 
what the atomic theory did for chemistry, 
namely, divide things up in a far more clear-cut 
manner, as if some of the differences between 
different people were “all or none.”’ Arising from 
this, and assuming for the moment that genes 
behave as if they were indivisible particles of 
the naturé of the chemist’s atoms, we can further 
state as an act of faith, not yet proved nor ever 
capable of being proved, that in those cases in 
which hereditary diseases seem difficult to diag- 
nose and which have a confusing clinical or bio- 
chemical picture, we clearly have not as vet 
gotten down to the basic chemical pathology, 
but are merely fiddling around with less impor- 
tant secondary phenomena. In such cases we are 
encouraged therefore to look further into the 
matter, hoping that once the primary gene ac- 
tion is known the question of diagnosis at least 
will from then on present no further problems. 
The writer is prepared to carry this argument 
still further and to state his belief that all 
hereditary diseases are due to basically bio- 
chemical disorders even when, as in arach- 
nodactyly, diaphysial aclasis or achondroplasia, 
they manifest themselves by bizarre morphologic 
abnormalities in subjects otherwise enjoying 
good health. Likewise, it may be reasonable to 
hold as a first assumption that a disease which is 
homogeneous is therefore likely to be hereditary. 
It is indeed fortunate that the search for bio- 
chemical disorders in diseases of unknown cause 
has recently become much more feasible owing 
to the development of simple paper chromato- 
graphic technics. By means of a few carefully 
chosen chromatograms it is now possible to scan 
body fluids for abnormal concentrations of 
hundreds of known or likely metabolites. 

When one studies the articles coming later in 
this Symposium one sees a further feature of 
these inborn errors, namely that they include 
examples from specialties in medicine as widely 
separate as neurology, pediatrics, dermatology, 
urogenital surgery, psychiatry and so forth. 
Indeed, if one surveys the whole group of inborn 
errors there is no branch of medicine which is 
not at some time or other implicated. We can 
therefore say that all doctors should know some- 
thing about these diseases and of the principles 
involved. Furthermore, those who aim to special- 
ise in genetics should try to avoid overspecialisa- 
tion in medicine, especially by limiting them- 
selves to any particular age group. 


Foreword 


There is a further interesting feature which 
needs to be stressed with regard to the clinical 
manifestations of the metabolic errors. It is now 
apparent that even in cases in which the bio- 
chemical diagnosis is simple and can be made at 
any time of life, owing to its constant manifesta- 
tion, the clinical picture may nevertheless vary 
from complete normality to acute attacks of 
disease, to long standing chronic disease, or to a 
disease which slowly develops at almost any time 
of life. This feature is well illustrated in the case 
of Hartnup disease (also called *H’ disease | 5}). 
The reason for this variable clinical picture is 
sometimes obvious, for the genetic defect in 
many Cases ts not directly harmful but acts only 
to predispose to a disease which is actually due 
to an immediate cause in the environment. For 
instance, the genetic defect may produce a state 
of photosensitivity, or of abnormal sensitivity to 
some constant constituent of the diet such as 
copper, galactose, phenylalanine or vitamin D. 
Clearly one can suppose that in these cases the 
clinical manifestations must vary according to 
the nature of the environment, and one is en- 
titled to argue backwards from this and to as- 
sume that when the clinical picture in any 
hereditary disease is variable one should look 
especially carefully for such environmental 
factors, for this should give one a lead for re- 
search and treatment in such cases. Once how- 
ever one has admitted the importance of such 
environmental factors in hereditary disease, it is 
difficult to know where to stop, for it becomes 
probable that genetic influences may be present 
to a Varying extent in almost any disease of any 
etiology. 

The last point mentioned leads me to empha- 
size again the particular reason why the study 
of heredity is becoming of much greater relative 
importance in modern medicine. A hundred 
years ago environmental problems, such as those 
of crude nutrition and of epidemics of over- 
whelmingly infective diseases, were so important 
in themselves as to dominate almost entirely 
man’s thinking for improvement of his health 
and standard of living. These problems had, 
naturally enough, led to the development of 
various materialistic social reforms and revolu- 
tions. The situation now seems entirely different, 
for these adverse environmental conditions have 


® Baron, D. N., Dent, C. E., Harris, H., Hart, E. W. 
and Jepson, J. B. Hereditary pellagra-like skin rash with 
temporary cerebellar atopia, constant renal aminoacid- 
uria and other bizarre biochemical features. Lancet, 2: 
421, 1956. 
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been largely overcome in civilized countries. 
Nowadays the reasons why some people are 
healthier than others, are much more likely to 
be because they are different people with a 
different genetic make-up than because of their 
only slightly different and generally satisfactory 
environment. Seen in this light some of the 
mainly beneficial social movements of the past, 
having long fulfilled their purpose, now appear 
to be old fashioned, and their occasional antag- 
onism to modern genetics {[6|, while easy to 
understand, seems rather pathetic. 

One final point must be made now with regard 
to the question of organ involvement in these 
hereditary diseases. It is easy to state that in one 
disease a liver or bone enzyme is absent, or that 
in another disease there is a disorder in the renal 
tubule. In such cases, however, the genetic 
theory must be borne in mind again. If the dis- 
eases are caused by abnormal genes then the 
basic genetic abnormality must be present from 
the moment of conception, before any organ 
differentiation has occurred, and must later be 
passed on to every cell in the finally grown 
organism. Hence it is not correct to say that a 
certain hereditary disease is due to a primary 
defect of the renal tubule, while it is correct to 
say that it may first reveal itself as such an ap- 
parently isolated defect. There has been much 
theoretic confusion along these lines in the liter- 
ature. This is also of practical importance in 
attempting to develop research programs. A 
defect which is readily detectable in the renal 
tubule should also be present, even if more 
dithecult to detect, in every other body cell since 
all the cells contain the abnormal genes. The 
kidney may therefore be looked on as the “mir- 
ror of the metabolism of the whole organism,” 
and, while continuing to delight ourselves in its 
ready accessibility, we should be encouraged 


* Lysenko, T. D. Soviet Biology. A report to the Lenin 
Academy of Agricultural Sciences, Moscow. London, 
1948. Birch Books Ltd. 
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nevertheless always to look for more generalized 
disorders, especially when the entire symptoma- 
tology does not already appear to be adequately 
explained. A good example of this is in cystinosis, 
when most of the patient’s symptoms and bio- 
chemical findings are due to a renal tubule de- 
fect, and all one’s therapy at the moment, which 
is temporarily very beneficial, is based on meth- 
ods aimed to correct this defect. The most 
spectacular and quantitatively important find- 
ing however in this disease is that of the cystino- 
sis, which represents in some organs a five 
hundred-fold increase of cystine content. So 
far we have no explanation for the cystinosis. It 
may be in some mysterious way caused by the 
renal tubule defect, but the genetic theory does 
not let us believe that this must be so. An excel- 
lent example of the deliberate search for and 
discovery of more generalised disorders in 
hereditary disease of apparently one organ is 
seen in galactosaemia, where it has been found 
that the red blood cells show a metabolic 
defect similar to that originally suspected in the 
liver (see later in this Symposium). 

For the following Symposium, articles have 
been chosen which represent a fair sample of the 
various forms of inborn errors of metabolism. 
This field is becoming so large now that the 
choice has had to be limited. This has been done 
in order to include only diseases in which tangi- 
ble biochemical abnormalities can be described 
and in which therefore some discussion can be 
developed as to the nature of the biochemical 
disorder. This has necessitated its limitation to 
metabolic errors involving enzymes which have 
relatively small molecules as substrates. We have 
therefore omitted any mention of the various 
interesting protein synthesis defects, such as those 
involving abnormal hemoglobins and plasma 
proteins. 

CHARLES E. DENT, M.D. 
University College Hospital Medical School 
London, England 
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URRENTLY, the genetic questions of most 1n- 
.: terest and importance to the clinician are 
those that concern mechanisms in diseases of 
primarily genic causation, the pathologic 
physiology of genetic disease. Three interrelated 
questions are involved: What is the “basic 
defect,’ + that is, the deviation from the usual, 
responsible ultimately for the observed manifes- 
tation(s)? What is the modus operand: of the basic 
defect, t that is, what intermediate steps or links 
are involved in the production of the observed 
manifestation(s)? What factors account for the 
variations in severity of clinical expression and, 
in some instances, for failure of the disease to 
develop at all despite the presence of the ap- 
propriate mutant gene? 

The reorientation of interest in genetic 
disease, as in the case of all hereditary traits, is 
indicated by the apt analogy used by Snyder [3] 
who, in surveying the status of human genetics 
at the mid-century, wrote as follows: “‘In the 
early days of the study of genetics, the geneticist 


t The adjective “‘basic’’ as used in this connection is a 
relative term. With one possible exception the precise 
derangement of the functionally inadequate molecule 
has in no instance been described. In familial periodic 
paralysis the demonstration of a loss of potassium from 
the serum to the muscle and in adynamia episodica heredi- 
aria |7| a movement of potassium in the opposite direc- 
tion has provided the first approximation to an explana- 
tion of these two hereditary states. However, there are 
obviously much more basic mechanisms involved. In 
osteogenesis imperfecta pin-pointing the defect to col- 
lagen was an important step. However, it is likely that 
even more precise identification of the biochemical 
aberration will be soon forthcoming. In sickle cell anemia 
an important beginning in the description of the exact 
structural peculiarity of the molecule of sickle hemo- 
globin has been made [2]. 


was content to establish the correlation between 
the gene in the chromosome and the character- 
istic in the individual, without raising much 
question as to the chain of events which con- 
nected the two. The attitude was very much like 
that of the traveler who boards the Miami train 
in New York confident that he will step out at 
the Miami station, but actually knowing very 
little about the physico-chemical principles of 
the Diesel engine or the intricacies of the switch- 
ing and signaling systems that will get him there. 

Today, however, the question of genic action 
in the development of finished characters is up- 
permost in the minds of geneticists, and bio- 
chemical genetics is leading the attack on this 
front.” 

Obviously there are other matters of consider- 
able importance to medical genetics. These in- 
clude (1) devising methods for recognizing 
heterozygous carriers of recessively inherited 
disease; f (2) mapping the chromosomes, that is, 
identifying markers on chromosomes so that the 
linkage of disease traits can be used to predict 
the genetic state of a given individual in a given 
family in respect to a given disease; (3) calcula- 
tion of risks for bearing affected children or of 
getting grave complications, if affected—for use 
in genetic counseling which presently is at best 
difficult; and (4) study of factors influencing 
mutation rate. From both the therapeutic and 


t For example, Hsia [4] has shown that presumably 
heterozygous parents of patients with the recessively 
inherited trait, phenylketonuria, have a mild or incom- 
plete defect in the conversion of phenylalanine to tyrosine 
as revealed by phenylalanine tolerance tests. Similarly in 
diabetes insipidus, a defect in urinary concentrating 
power is identifiable in the presumably heterozygous 
parents [5]. 


*From the Department of Medicine, The Johns Hopkins University School of Medicine and The Johns Hopkins 
Hospital, Baltimore 5, Md. 
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the preventive point of view, these questions are 
not as important to the clinician, that is, to the 
physician concerned with the care of the individ- 
ual patient, although they are matters of major 
concern to the field of public health. 

In general, the main reasons for the impor- 
tance of elucidating mechanisms might be listed 
as two. First, it is evident that treatment and 
prevention of disease in the individual patient 
must rest on a knowledge of mechanisms. This is 
a well accepted principle, which has unfortu- 
nately had thus far all too little confirmation in 
practice. It is a principle tacitly acknowledged 
by fund-granting agencies and special founda- 
tions for the study of specific heritable diseases. 
For example, sizable amounts of money are 
being spent to discover the “‘cause’’ of muscular 
dystrophy. It is, however, not the cause that is 
sought. The cause has long been known; the 
Cause is a mutant gene, or rather, mutant genes, 
since a different gene is presumably responsible 
tor each of the distinct types of hereditary muscu- 
lar dystrophy. In actuality, what is sought are 
the mechanisms, the “basic defect,’ the modify- 
ing factors. 

As indicated in this symposium, in phenyl- 
ketonuria and in Wilson’s hepatolenticular 
degeneration an intimate knowledge of mecha- 
nisms may permit effective treatment and 
prophylaxis in the not distant future. The sim- 
ple expedient of withdrawing milk from the diet 
‘cures’ galactosemia. Furthermore, if the physi- 
cian knew why the manifestations of genetic dis- 
ease do not occur in some persons who carry the 
gene (why, as the geneticist puts it, the pene- 
trance of the factor is reduced), if he knew why 
manifestations are negligibly mild in some per- 
sons (who, in the genetic jargon, display a low 
level of expressivity for the trait), then he might 
be able to mimic nature and influence the disease 
similarly by one maneuver or another. In 
hemochromatosis the female is partially pro- 
tected from the disease through loss of blood and 
iron in the menses. Repeated venosections 
mimicking the physiologic process is effective 
treatment of the disease. 

A second reason for the importance of study- 
ing genetic mechanisms is derived from the 
contribution to general biologic knowledge 
which can be made thereby. Agriculture and 
medicine are the two major divisions of applied 
biology. Probably in no connection does the 
physician have more frequent occasion to be 
reminded that he is basically a biologist than in 
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relation to problems of inheritance. The rela- 
tionship of medical genetics to general biology 
and its subdivisions is a two-way street. That 
medical genetics has much to learn from the 
biologic disciplines is obvious. Not so clearly 
recognized is the fact that clinical and allied 
investigation of genetic diseases can provide 
worth while and often otherwise unobtainable 
information about normal biologic processes. 
Sir Archibald E. Garrod, the acknowledged 
founder of biochemical genetics in man, enunci- 
ated this principle, illustrated and corroborated 
it by his own work, and further emphasized it |6| 
by the following quotation from a letter written 
by William Harvey in 1657, a few weeks before 
his death exactly 300 years ago: 

‘Nature is nowhere accustomed more openly 
to display her secret mysteries than in cases 
where she shows traces of her workings apart 
from the beaten path; nor is there any better way 
to advance the proper practice of medicine than 
to give our minds to the discovery of the usual 
law of Nature by careful investigation of cases of 
rarer forms of disease. For it has been found, in 
almost all things, that what they contain of use- 
ful or applicable nature is hardly perceived 
unless we are deprived of them, or they become 
deranged in some way.” 

The principle spelled out by Harvey and 
Garrod is perhaps nowhere better exemplified 
than in the case of the defects of the clotting 
mechanism. Eight or nine specific defects have 
been identified. These correspond to eight or 
nine specific essential factors in blood clotting 
which would be unknown were it not that pa- 
tients have turned up with an hereditary defi- 
ciency of each. Whatever the field in which basic 
mechanisms are sought, hereditary perversions 
of the normal mechanisms should be studied: 
hereditary anomalies of renal tubular function 
should be helpful to the renal physiologist; 
hereditary gastrointestinal absorptive abnormali- 
ties to the gastroenterologist; inborn deviations 
in the function of endocrine glands to the 
endocrinologist. * 

The search for the common denominator 
responsible for the diverse manifestations of 
hereditary syndromes is likely to result in new 
information of general biologic importance. 
It is certain to point up areas of ignorance. For 
example, investigation of fibrocystic disease of 


* The work of Stanbury [83], demonstrating a different 
enzymatic defect in each of several varieties of goitrous 
cretinism, serves to illustrate this point. 
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the pancreas and the manifold features not well 
indicated by this usual name of the syndrome 
meconium ileus, biliary cirrhosis, bronchiectasis, 
pulmonary emphysema and fibrosis, ““asympto- 
matic’’ changes in sweat and saliva—is likely to 
result in an increased knowledge of exocrine 
glands. ‘““This type of thinking [relating diverse 
components of a syndrome} is bound to be 
profitable, if care is taken to distinguish hypoth- 
esis from proven fact, and to follow up promis- 
ing hypotheses with pertinent evidence, ob- 
servational and experimental” {7}. Jonathan 
Hutchinson, an indefatigable describer of syn- 
dromes, wrote: “‘We must analyse and seek to 
interpret, partnerships in disease” [8]. The blue- 
prints for the analysis of mechanisms in heredi- 
tary diseases—the treasure maps, as it were—are 
the “‘pedigree of causes’? diagrams which often 
begin to look a bit like the “flow chart” of a 
Rube Goldberg apparatus but which attempt 
to relate all manifestations of a given disorder 
back to a “‘basic’’ defect. The premises underly- 
ing such charts are (1) that all manifestations of 
a given syndrome are ultimately based on the 
action of a single gene (and are not dependent, 
for example, on gene linkage or some other 
mechanism), and (2) that “‘one-gene-one-func- 
tion,” if not a fundamental law of biology, is at 
least a satisfactory approximation. This is not the 
place to review the evidence for these well- 
founded tenets. 


GENETIC PATHOLOGY 


The problems under discussion here—prob- 
lems in gene action—are subjects for investiga- 


tion in the division of genetics called physiolog- 
ical genetics. Admittedly the whole category of 
hereditary disease-states merges imperceptubly 
at the edges into groups of “‘conditions”’ which 
if not considered entirely “‘normal”’ can scarcely 
be construed as diseases. | have in mind struc- 
tural deviations such as polydactylism or acces- 
sory nipples. Nonetheless, physiological genetics 
seems an improper designation for this field of 
study when the trait requiring “explanation” 
is a disease. Genetic pathology seems more 
appropriate. 

As is graphically represented in the accom- 
panying diagram (Fig. 1) many disciplines have 
contributions to make to the field of genetic 
pathology. Furthermore, as mentioned earlier, 
feedback phenomena certainly occur. The 
question mark on the diagram is to indicate 
that it is entirely probable that important assist- 
ance in the solution of problems of genetic 
pathology may come from unexpected sources. 
We will comment on a few of the contributing 
areas specifically mentioned. 

The availability of animals suffering from a 
genetic disease which is similar or possibly identi- 
cal to human disease (comparative genetic 
pathology) should be helpful. Recently, for 
example, intense interest--and one might say 
optimism—has been stimulated by the report 
(9), from the Jackson Memorial Laboratory at 
Bar Harbor, of a mutation in mice which results 
in a disease resembling progressive muscular 
dystrophy of man in all important respects. The 
disease in mice seemingly identical with heredi- 
tary spherocytosis of man should give useful 
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TABLE | 
Disorder Animal Mode of Inheritance | Studied by * 

Achondroplasia... . . _ Chick Autosomal recessive | Lamoreux [29] 

Rabbit Autosomal recessive Pearce, Brown [30] 

Albinism . . . Many birds Autosomal recessive Pearson et al. {32) 

and mammals sex-linked recessive 
Anemia, ? type | Mouse Autosomal recessive Gowen, Gay [33) 
Anemia, spherocytic hemolytic : Mouse Autosomal recessive Motulsky et al. (70, 87) 
Dwarfism, ateliotic. Cattle, ete Autosomal recessive Mead et al. [36] 
Ectopia lentis and cataract Cattle Autosomal recessive Gregory et al. (38) 
Hare-lip, cleft palate “Reed (30) 
Hemophilia........ Dog Autosomal recessive | Hutt et al. (40) 
Hypoglycemia... Mouse Autosomal recessive Cammidge, Howard [47) 
Myotonia congenita . | ses | Kolb [43) 
Obesity . . Mouse Autosomal recessive _ Mayer (44) 
( Yeteogenesis imperfecta ( anosteoplasia | Inderbitzen (45) 
Pelger anomaly of leucocyte........... _. Rabbit Autosomal recessive + Nachtscheim [4] 
Porphyria... . Cattle | _ Autosomal recessive | Fourie [47] 
Retinal degeneration | Bourne et al. [48) 


* _-usually only reference to recent study given. 
t — lethal homozygote. 


information |/0|. Table 1 presents a few of the 
animal counterparts of human disease which 
have been described to date. Surveys of the 
genetic traits which have been identified in 
domestic animals are available {/7-27,84]. 

The herditary jaundice in the rat, described 
by Malloy and Lowenstein [42], has been shown 
to be due to defective conjugation of bilirubin to 
bilirubin glucuronide [85]. Calkins [86] has 
under study a disorder in French poodles which 
resembles osteogenesis imperfecta in man. 

Tissue culture is potentially useful to genetic 
pathology in at least three ways. (1) Tissue 
culture can provide the biochemist with the pure 
cultures of cells which delight his heart and 
simplify his tasks. (2) It can help settle the ques- 
tion of whether a given disease is a primary and 
autonomous abnormality of one tissue or, alter- 
natively, whether the pathologic changes ob- 
served in a given tissue are merely secondary to a 
remote metabolic, endocrine or other disorder. 
For instance, in muscular dystrophy the work of 
Geiger and Garvin [22] seems to have estab- 
lished that the primary defect, in the variety of 
the disease studied, resides in the muscle cell 
itself. In infantile genetic agranulocytosis, a 
recessively inherited condition identified in an 
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isolate of northern Sweden {23}, short-term cell 
culture, using bone marrow from affected sub- 
jects, has indicated that the basic defect is a 
disturbance of white blood cell maturation and 
that the defect can be corrected by addition 
of cysteine to the culture media. The last is a 
preview of another potential contribution of 
tissue culture. (3) The possibility of influencing 
the expression of the gene through changes in 
environmental factors can be explored in vitro. 
The experiments of Puck 24-26] illustrate what 
methodological progress has already been made 
in the application to mammalian cells growing in 
tissue culture of the same technics which have 
been used in studying biochemical genetics in 
bacteria and in molds, such as the classic 
Neurospora. 

Experimental pathology can contribute to 
genetic pathology by the production of pheno- 
copies, that is, facsimiles of the genetic disorder. 
The term “phenocopy” is Goldschmidt’s [27]. 
Congenital malformations which in man are 
genetically determined can be closely simulated, 
in the experimental animal, by a large variety 
of maneuvers [28]. The toxin for connective 
tissue contained in the seed of the garden sweet 
pea (Lathyrus odoratus) produces kyphoscoliosis, 
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hernia and dissecting aneurysm of the aorta in 
rats—a syndrome resembling the gene-deter- 
mined Marfan syndrome of man. 

It is unnecessary to cite examples of the numer- 
ous contributions of the biochemists to genetic 
pathology, since the papers of this symposium 
provide adequate illustration. It is attractive to 
speculate that all genetic pathology will ulti- 
mately be reduced to biochemical terms. 

There are a large number of hereditary states 
of developmental-morphologic type in which 
there is virtually no knowledge of the basic 
mechanism. Merely to select a few from among 
many, one might mention multiple exostoses, 
tuberose sclerosis, Osler-Rendu-Weber telangi- 
ectasia, Ollier’s enchondromatosis, retinoblas- 
toma, cystic disease of the kidneys, hypertrophic 
pyloric stenosis, the dysplasia of the acetabulum 
which is the structural substrate of congenital 
dislocation of the hip, brachyphalangy, achon- 
droplasia. One suspects that embryology may 
have something to offer in the study of these 
disorders, especially in conjunction with bio- 
chemical and other technics. 

Embryology has thus far contributed rela- 
tively little to a knowledge of mechanisms in 
genetic disease, mainly because the field has 
been handicapped by great technical difficulties. 
Embryogenesis is difficult to study in man. A 
comparison of embrvogenesis in lower animals 
with special reference to specific malformations 
is likely to be helpful, as the experience | 57) with 
cleft palate would appear to indicate. Chemical 
embryology, which attempts to define in chemi- 
cal terms the phenomena of experimental 
embryology, can be expected to establish in- 
creasingly close connections with genetics. 

Immunology, by defining differences between 
body proteins, should have useful contribu- 
tions to make [57]. The globins of some abnormal! 
hemoglobins are antigenically distinct [52]. 
Although there are other characteristics which 
more simply distinguish these particular ab- 
normal proteins, there may be some disorders in 
which immunologic technics will be necessary. 

The increasing importance of genetic disease, 
as other major categories such as nutritional and 
infectious are controlled, will necessitate a re- 
orientation of educational curriculums not only 
for persons whose ambition it is to do research 
in the field of genetic pathology, but also for the 
medical student in general. Genetics and em- 
bryology will occupy an important place in such 
a reoriented medical curriculum. 
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rTHE COMPLEXITIES OF GENETIC PATHOLOGY 


The complexities with which any analysis of 
genic action in man must cope become quickly 
evident. To begin with, man probably has 23* 
pairs of chromosomes, each possibly with as 
many as 5,000 genes. In the second place, there 
is rarely an immediate relationship between gene 
and phene. There is usually a chain (or better, a 
net) of reactions, each link of which is gene- 
controlled. Therefore, mutation in any one of 
several different genes may result in the same 
ultimate phenotype. Stern (54) uses the analogy 
to a stalled car: In this case the phene, stalling, 
can be due to a number of causes. Actually, as in 
the case of stalling, ancillary symptoms and the 
mode of inheritance may narrow down the possi- 
bilities as to the nature of the biochemical 
defect. Furthermore, the concept of alternative 
metabolic pathways | 56) and that of competitive 
pathways open up many possibilities as to 
(1) variability in expression of a trait because of 
partial compensation through detour metabolic 
routes which may be open to varying degrees in 
different persons depending on other gene dif- 
ferences, and (2) production of the same phene 
by a number of different genes. A number of 
examples can be cited to illustrate the fact that 
many genes may have roughly similar effects: 
there appears to be more than one genctic 
variety of the adrenogenital syndrome |[457): 
although, as was pointed out to Garrod by Bate- 
son soon after the rediscovery of Mendel’s work, 
most cases of alceaptonuria demonstrate the pedi- 
gree characteristics of a recessive trait, there are 
occasional pedigrees {58} in which dominant 
inheritance is displayed and a slightly different 
biochemical lesion is possible although un- 
proved. There is more than one mode of in- 
heritance for albinism and for retinitis pig- 
mentosa: there is probably a different gene 
responsible for each. 

Parenthetically, however, it should be empha- 
sized that current theories of dominance and 
recessivity |59| do not necessarily require one to 
conclude that a difference in mode of autosomal! 
(non-sex-linked) inheritance necessarily indi- 
cates that a different gene is responsible for the 
given trait or a different link in the biochemical 
chain is defective, although probably as a rule 
such is the case. Further example: although con- 


* Until recent studies [53) revealed the true situation, 
it has been thought and taught that man has 24 pairs of 
chromosomes. 
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genital spherocytic anemia is inherited as a dom- 
inant in man and as a recessive in the strain of 
mice studied by Motulsky | 8&7), the difference in 
mode of inheritance is explicable on other 
grounds than different defect; the pathophysiol- 
ogy of the syndrome defect appears to be identi- 
cal in the two species. One would expect, 
however, that a trait inherited in a sex-linked 
manner would be biochemically distinct from 
a phenotypically identical trait inherited auto- 
somally in the same species. 

The phenic consequences of genic action may 
he so remote from the primary operation of the 
gene that one may end up with the association of 
manifestations which are difheult to relate to 
each other. Such is the case in many hereditary 
syndromes. Elsewhere the evidence for a 
single-gene basis of hereditary syndromes in 
man is presented. Accepting this seemingly 
adequately established hypothesis as fact, one is 
left with syndromes-——melanin spots of the 
buccal mucosa, lips and digits associated with 
garden-variety adenomatous polyps of the 
gastrointestinal tract (6/7); the syndrome of 
colonic polyps, osteomata and soft tissue tumors 
polveystic kidneys and intracranial aneu- 
rvsm the association of obesity, retinitis 
pigmentosa, polydactylism, mental retardation 
and sexual infantilism in the Lawrence-Moon- 
Bied| syndrome;* retinitis pigmentosa with the 
Fanconi syndrome total color blindness 
with otosclerosis |65|; muscular dystrophy with 
baldness, myotonia, cataracts, testicular atrophy 
in Steinert’s disease; and so on-—-in none of which 
current knowledge permits an understanding of 
the interrelationship of the component mani- 
festations. Genuine pleiotropism, that is, multi- 
ple primary actions of a single gene, once con- 
sidered a possible mechanism for the syndromal 
association of diverse phenes, now appears 
unlikely. Evidence from various sources suggests 
that each gene has but one primary action, the 
ramifications of which may, however, be 
exceedingly widespread. It is in the type of 
syndrome just cited by way of illustration that 
an analysis of the common denominator should 
reveal significant biologic information. 

The complex interrelationships of genes can be 
looked upon as intracellular or intraorganismal 


* The obesity and sexual infantilism may find explana- 
tion in a defect of nervous tissue which involves the hypo- 
thalamus and also involves the higher centers and retina, 
explaining mental deficiency and retinitis pigmentosa, 
respectively. The polydactylism is more obscure. 
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ecology. The introduction of a goat |55} onto an 
oceanic island is likely to produce widespread 
effects; the relation of some of the consequences 
to the original change and to each other may 
not be immediately evident, nor may it be easy to 
sleuth out the basic defect responsible for radica! 
changes in the physiognomy, fauna and flora 
of the island. The ecologic effects of the introduc- 
tion of a mutant gene into a new genetic environ- 
ment are similarly intricate. 

Except for sex, the factors modifying the 
“expressivity” of mutant genes in man are 
largely unknown. Furthermore, in many in- 
stances the reason for sex differences* in the 
grade and frequency of inherited traits is poorly 
understood. In some situations the sex differences 
in expression are seemingly a result of the differ- 
ent hormonal environments. Hereditary hyper- 
cholesterolemia would appear to be an example. 
In general, women before the menopause have 
an advantage over men as to fat metabolism 
and consequently as to the incidence and severity 
of atherosclerosis. Castration of the female or the 
onset of menopause returns the female essen- 
tially to the position of the male in this regard. 
That estrogens are responsible for the sex differ- 
ences in expression of the gene or genes responsi- 
ble is a conclusion supported by experimental! 
and clinical observations on the effects of 
administered estrogens. The effects of the gene 
for baldness may be potentiated by androgens 
such that heterozygous men are bald but women 
are bald only if homozygous for the trait (or 
heterozygous with a masculinizing tumor). In 
other instances differences in physiologic func- 
tion, specifically the occurrence of menstruation 
and pregnancy in the female, account for the 
observed sex differences. For example, in hemo- 
chromatosis, the periodic loss of blood (and iron) 
in the menses provides a partially effective 
safety valve against development of the disease 
in women |66|. Physiologic differences in gameto- 
genesis may be responsible for male-female 
differences in gout. Stetten |67| suggests that 
nucleoprotein metabolism associated with sperm- 
atogenesis is so much more active than that 
of oogenesis that the sex difference in expression 
of the gene for gout may be explicable on this 


* Assumed in this discussion is that the sex difference is 
biological and not social or statistical. For example, rare 
biochemical defects, such as fructosuria, are sometimes 
apparently more frequent in men, probably only because 
more men than women are subjected to examination in 
connection with work, insurance and armed service. 


682 


basis. The modus operand: of the sex factor 
is unknown in many situations. Why does Marie- 
Striimpell spondylitis, which seems to be in- 
herited as a dominant, occur in approximately 
70 per cent of men with the gene but in only 
approximately 10 per cent of women? Why is 
hypertrophic pyloric stenosis of infants, quite 
clearly hereditary,* more frequent in males 
and, equally puzzling, in first-born males? Why 
is so-called congenital (actually hereditary) 
dislocation of the hip over five times more com- 
mon in women [69]? 

In general, the expression of a gene depends 
on the rest of the genetic makeup of the person 
and on factors of the environment, both intra- 
uterine and extrauterine. The influence of the 
genetic milieu is sometimes observed in the 
Marfan syndrome: the characteristic skeletal 
proportions may be relatively unimpressive 
when the mutation occurs in pyknic stock. In the 
case of dominant conditions there is need for 
pedigree studies with analyses of the normal lines 
to determine the influence of various “‘normal” 
phenotypes on the expression of the mutant 
gene. To be decried is the usual practice in 
pedigree studies of concentrating on the side of 
the house through which the disease in question 
was inherited. 


SOME PRINCIPLES OF GENETIC PATHOLOGY 


Despite the complexities of genetic mecha- 
nisms a few principles have emerged; several of 
these have been outlined by Dent in the intro- 
duction to this symposium and are illustrated in 
the individual contributions. The following are 
also worthy of note: 

The mechanism of genetically determined 
drug idiosyncracy has been identified in two 
instances. The first was the identification of the 
basis for susceptibility to hemolytic anemia from 
administration of certain agents [70)|. It was 
found that the level of red cell glutathione 1s low 
and that the basic defect concerns glucose 
metabolism; specifically, glucose-6-phosphate 
dehydrogenase seems to be faulty {77}. The sec- 
ond is the susceptibility to prolonged, profound 
effects of succinyldicholine which is used as a 
muscle relaxant during anesthesia. The basis 
has been shown to be a deficiency of serum 

* Carter and Powell [68] made an extensive investiga- 
tion which principally involved tracing infants who sur- 
vived the Rammstedt operation 1920-1929 and who by 
the time of the study (published in 1954) had children 


of their own. Of 197 second-generation children, nine 
boys and one girl had had the Rammstedt operation! 
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pseudocholinesterase, which under normal cir- 
cumstances is responsible for the breakdown of 
the administered drug [72]. It is of note that in 
neither case would the genetic peculiarity be- 
come evident were it not for the administration 
of the drug. What is the basis for the not in- 
frequently fatal idiosyncrasy of mongoloid idiots 
to agents of the atropine group’? Genetic differ- 
ences in susceptibility to infectious diseases such 
as tuberculosis |73) should eventually be ex- 
plicable in terms analogous to these drug 
reactions |74). Genetic differences in nutritional 
requirements and in susceptibility to allergens, 
thus far poorly understood, are further examples 
of the interplay of constitution and environment. 

There are probably many hereditary diseases 
in which, in the last analysis, all the clinical 
manifestations stem from the fact that a given 
species of protein molecule is fabricated in a 
manner that places it at a functional disad- 
vantage. This is what Pauling and his associates 
term “‘molecular disease’ |75,76). The best- 
studied example is sickle cell disease. Some 
subtle abnormality of the globin of hemoglobin 
|2| results in striking functional differences 
which are responsible for the manifestations 
of this disease. Abnormal protein synthesis 
is almost certainly at the basis of many 
diseases: abnormal fibrous proteins in heritable 
disorders of connective tissue,* abnormal con- 
tractile protein in muscular dystrophy,* and 
so On. 

Furthermore, in diseases which have been dis- 
cussed or referred to in this symposium and in 
which the basic mechanism is thought of as be- 
ing an “absent” enzyme of intermediary metab- 
olism, “absent” enzymes of specific functional 
significance as in the renal tubule, “absent” 
proteins with special function as in clotting or 
immunologic reactions, and the like, may all be 
somewhat artificial distinctions among members 
of a general group of conditions in which pro- 
teins are present, that is, normal quantitatively, 
but defective in some functional respect because 
of a structural peculiarity. It is entirely probable 
that in most if not all of the instances described 
the specific protein to which the defect is related 
is present but it has lost the earmarks by which 
we identify it. In the cases of many proteins, the 
enzymes for instance, function is the only crite- 
rion of identification. In this connection 
Pauling’s concept of molecular disease is, as he 
_ * These are obviously speculations, the special license 
of the essayist. 
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maintains | 76|, of general significance. The possi- 
bilities for human variation and for disease on a 
genetic basis and through the agency of molec- 
ular changes are indicated by Pauling’s state- 
ment that “there are of the order of 100,000 
different kinds of proteins in the human body.” 
One is impressed with the great importance of 
protein synthesis in genetic disease; the ma- 
chinery for protein synthesis must be linked very 
closely to the gene itself. 

In connection with the Seabright bantam 
cock, which has a comb with female character- 
istics despite the obvious virility of the bird, 
there has been defined a principle applicable 
in several areas of human genetic pathology: 
the defect in a disease which has the phenotypic 
pattern of a hormone deficiency may reside in 
the receptor organ which is genetically incompe- 
tent to respond to a normal amount of circulat- 
ing hormone. Examples are represented by 
pseudohypoparathyroidism (42), nephrogenic 
diabetes insipidus, possibly ateliotic dwarfism. 

The fascinating recent work on the patho- 
genesis of congenital spherocytic anemia | 77} pos- 
sibly illustrates a significant principle, namely, 
that it is possible to identify a biochemical basis 
for anomalous structure. It would have been easy 
a decade ago to accept this condition merely as 
a hereditary malformation of the erythrocyte 
(which in a sense it is) which renders it unusually 
fragile to osmotic and mechanical stress and 
susceptible to destruction in the spleen. It now 
seems likely that there is a defect in the glycolytic 
process which provides energy for maintenance 
of the integrity of the red cell stroma and mem- 
brane. Autohemolysis after trapping of red cells 
and depletion of substrate in the spleen is proba- 
bly mainly responsible for the anemia. The bio- 
chemical basis for other structural abnormalities 
must be sought. 

If not a principle of gene action, a useful 
concept is that implicit in the term abiotrophy 
invented by Gowers [78|, who described the 
phenomenon in connection with certain neuro- 
logic disorders: that tissues of the central nervous 
system are clinically normal and probably histo- 
logically normal (by available methods of 
examination) in early life, but have a subtle 
innate weakness which results in their premature 
degeneration functionally and structurally. Sev- 
eral mechanisms for a picture of abiotrophy are 
possible. The mechanism to which the term is 
possibly most legitimately applied is that seem- 
ingly operative in the skin in pseudoxanthoma 
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elasticum and in the aorta in the Marfan syn- 
drome [60]. Both structures probably are at birth 
normal by all available criteria but do have a 
defect, probably of collagen in the first example, 
possibly of the elastic fiber in the second, which 
renders them liable to breakdown with the usual! 
stress and strain. The skin of the flexural folds is 
first to show changes in pseudoxanthoma elas- 
ticum, whereas the ascending aorta which is 
subjected to maximal hemodynamic stress of 
particular types demonstrates the earliest and 
predominant changes in the Marfan syndrome. 
A mechanism for what might be called pseudo- 
abiotrophy is the accumulation of an unidenti- 
fied material which is toxic to a specific tissue or 
cell type. Until such time as the pathogenesis is 
worked out such a disorder might be misin- 
terpreted as an abiotrophy. Wilson’s hepato- 
lenticular degeneration is an example of 
pseudoabiotrophy. 

I think abiotrophy is a useful concept even if 
for no other reason than that it points up the 
fact that a disease can be primarily hereditary in 
etiology even though at birth it is not present by 
any current methods of detection applied to the 
individual. The concept can be a deterrent to 
progress if it is not appreciated that the basic 
defect is present at birth and will eventually 
probably be identifiable even in its preclinical 
state. 

Another phenomenon concerning gene action 
is the conditioning of specific congenital mal- 
formations as the result of the presence during 
embryogenesis of a specific defect. Examples 
(60\ seem to be provided in the Marfan syn- 
drome and the Ehlers-Danlos syndrome, which 
appear to be specific defects of specific elements 
of connective tissue. However, in these syn- 
dromes certain congenital malformations occur 
with increased frequency and probably result 
from effects of the weakness of connective tissue 
at vital points in embryologic development. 

A now familiar, though relatively recently 
discovered, general mechanism of genetic pa- 
thology concerns fetal-maternal interrelation- 
ships, specifically the immunologic effects of 
certain genetic differences between mother and 
fetus. Rh incompatibilities are the major known 
examples, but others, such as in the ABO series, 
are known and still others are probably as yet 
undiscovered. 

In breast cancer of mice the milk factor which 
is responsible for an apparent hereditary nature 
behaves like a virus |79|. That a comparable 
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situation in man exists in the case of colonic 
polyps is suggested by the description of cyto- 
plasmic inclusions which have morphologic 
characteristics of viral inclusion |40,87)|. Admit- 
tedly these are not genetic diseases in the precise 
sense. Cytoplasmic inheritance is an alternative 
possibility raised by this finding of DNA-like 
material. 


COMMENTS 


Obviously, all diseases are influenced in at 
least some small part by genetic factors. Each 


sick person is a different, complex organization of 


genes who because of these differences has a 
particular suscepubility to a given disorder and 
a particular mode of reaction to disease. This is 
why we tell students there is no such thing as a 
‘negative family history’*— as absurd as record- 
ing “‘no spleen” in the normal physical examina- 
tion. Genetic mechanisms in disease which are 
not primarily caused by a mutant gene are also 
important to elucidate, for example tuberculo- 
sis, as has already been mentioned. 

Furthermore, just as heredity can influence 
diseases primarily of environmental origin, en- 
vironment can influence genetic diseases. This 
fact is used in the treatment of genetic disorders. 
In coronary artery disease both a hereditary 
factor, in the form of peculiar fat metabolism, 
and diet, particularly increased fat ingestion, 
may be factors. Depending on its character, diet 
can favor or inhibit expression of the disease. It is 
difficult to know whether coronary artery dis- 
ease should be classified as predominantly 
environmental or genetic, but the two certainly 
are not mutually exclusive. 

I have attempted to show that, although the 
ultimate goal, and a reasonable one, is definition 
of the biochemical nature of genetic diseases, a 
general view of mechanisms, not confined to the 
biochemical aspects, in genetic diseases of man 
can and should be taken. 

It has often seemed entertaining to imagine, 
Jules Verne style, bizarre diseases previously un- 
known. If one were to do this, imagining heredi- 
tary defects and basing the speculations on a 
sound knowledge of normal mechanisms, one 
could predict with considerable assurance that 
the imagined disease would at some time be 
encountered. 
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Pathogenetic Problems in Phenylketonuria’ 


W. EuGene Knox, m.p. and Daviw Y.-Y. Hsta, 


Boston, Massachusetts 


NLY twenty years clapsed between F¢lling’s 
() original description of phenylketonuria 
‘J8|) as an hereditary metabolic abnormality 
characterized by the excretion of phenyl- 
pyruvate and by mental deficiency, and the 
development of a rational therapy for this disease 
by Bickel |/3) and Armstrong and ‘Tyler | 7/35). 
In the intervening vears Jervis |57| had identified 
the metabolic abnormality as an inability to 
oxidize phenylalanine to tyrosine 


H NH, 


¢ 
| | 


and had demonstrated directly that the liver en- 
zyme which normally catalyzed the reaction was 
inactive in this disease |60). The latter finding, 
in 1953, closed an important chapter in the 
study of phenylketonuria. For the first time the 
three postulates of Garrod’s “inborn errors of 
metabolism” [{42|, the relationship of gene, 
enzyme and clinical abnormality, were con- 
vincingly demonstrated. 

Until the present time the factors favoring 
research in this disease have been (1) a simple 
and precise diagnostic test in the green color 
reaction of ferric chloride with the phenyl- 
pyruvate of urine; (2) the segregation of the rare 
patients with this disease (one in 25,000 to 
40,000 in the population) into institutions where 
they made up about | per cent of the mental 
defectives [6/}; and (3) the conceptual basis of 
the disorder implicit in the concept of “inborn 
errors of metabolism.’’ Henceforth, the problems 
to be solved will concern the nature of the gene- 
enzyme relationship and the relationship of the 
biochemic abnormality to the mental deficiency. 

Both of these relationships can be included in 
a consideration of the pathogenesis from gene to 
intelligence. The mechanisms of pathogenesis 


will be discussed in steps of increasing com- 
plexity, from genetics and biochemistry to 
pathologic physiology and clinical signs. The 
earlier and simpler phenomena can be thought 
of as causes of the later and more complex 
events. 

It would be rash even to attempt such a codi- 
fication of a disease process without a solid 
foundation of facts. The manifold facets of 
phenylketonuria were authoritatively reviewed 


H NH, 


| 
HO¢ ‘S—C——C—COOH 
H H 


in 1954 by Jervis (67). The background of bio- 
chemical processes in aromatic amino acid metab- 
olism has been thoroughly covered by Dalgliesh 
32). Even so, the main virtue of this provisional! 
outline of the pathogenesis of phenylketonuria 
may be to throw into relief the gaps awaiting 
study. 
. Genetic Analysis. Few human diseases are so 
uniformly manifested and precisely identifiable 
as phenylketonuria. Because of this, its incidence 
can readily be shown to conform to the Men- 
delian laws of inheritance and a high degree of 
certainty resides in the statements about its 
genetic distribution. The mode of inheritance 
of phenylketonuria has been deduced from the 
histories of families in which these cases occur 
in so complete and satisfactory a manner that 
only the conclusions need be given |40,54,67,75). 
Phenylketonuria is a_ recessive condition, 
transmitted by a single autosomal gene. It oc- 
curs in each sex with equal frequency, since the 
gene is not located on the sex chromosomes. The 
main features of the disease are the result of 
one gene, and are not the composite result of 
several genes. The single responsible gene must 
be very similar or identical in different families 
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GEN. | HETEROZYGOTE, | PER 100 
RARE MARRIAGE (1/100 x 1/100) 
OF TWO HETEROZYGOTES 

GEN. 2 x 

GEN. 3 


| PER 40,000. 


Fic. 1. Idealized inheritance pattern of phenylketonuria. An apparently normal 
heterozygote (half-black symbol) in Generation 1 will transmit his gene to half 
his progeny (Generation 2). About '; 99 of the population are heterozygotes, and 
the rare marriage between two heterozygotes (less rare in consanguineous mar- 
riages) will produce, on the average, one phenylketonuric offspring (full black 
symbol) in four. Note that no family history of the disease would be given in this 


case. 


because of the uniformity of the disease picture. 
The condition occurs only in persons who receive 
two of the abnormal genes, one from each parent. 
When this happens the disease invariably devel- 
ops. The absence of an analogous, milder disease 
in the heterozygote, who carries only one ab- 
normal gene, is well established. The typical 
inheritance of phenylketonuria (Fig. 1) is 
therefore from two apparently normal parents 
(heterozygotes). One in four of their children, 
on the average, will have phenylketonuria, one 
will be normal, and two apparently normal 
(heterozygotes). 

The distribution of the gene in an average 
family has been determined by statistical meth- 
ods based on the distribution of phenylketonuric 
patients in known families. The single gene can 
now also be identified directly by a chemical test 
which distinguishes the heterozygotes |49]. With 
this method statements can be made about per- 
sons instead of populations, but the facts cited 
will not be altered. Instead of one in four, none 
or more than four phenylketonuric children may 
_be produced by a given family, since the lottery 
of genes at each fertilization is an independent 
event, like the tossing of a coin. Only in the 


aggregate, including those families with none 
aflected, will the ratio of affected to normal 
children approach one in four. It can also be 
seen in Figure 1 that the usual presentation of a 
rare hereditary disease like phenylketonuria will 
be a single case appearing without known ante- 
cedent in the family. The incidence in a sibship 
and in a family (the family history) is there- 
fore of no value in excluding heredity as the 
cause of a rare, recessive disorder. 

Considerable interest is attached to the ques- 
tion of whether or not the heterozygotes for 
phenylketonuria are quite normal. A_ possible 
increased susceptibility to involutional psychoses 
in later life was mentioned by Fglling, and sup- 
ported by Penrose |77|. Data on large series of 
families [54,75| show that this is not usual; but 
few heterozygotes have been definitely identified 
(parents only) and fewer still have been seen 
when they could manifest a disease of old age. 
There are about a hundred unidentified hetero- 
zygotes for every heterozygote known through 
his phenylketonuric offspring. The calculated 
frequency of heterozygotes in the population 


(2 Vincidence) is somewhat more than one per 
one hundred people, or about the same frequency 
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as mental illness in general. The presence of any 
diathesis in such a sizable fraction of the popula- 
tion could be missed in the few known parents 
and still might account for considerable morbid- 
ity. The identification of any diathesis which 
may result from a single recessive gene will 
constitute the major clinical contribution made 
by tests to detect heterozygotes of recessive 
diseases. 

Gene-Protein Relationsp. Disparate heredi- 
tary characters are often associated with a single 
gene (pleiotropism). Ihe most satisfactory 
explanation of this phenomenon is that the char- 
acters are different secondary eflects of a single 
gene action. To believe that urinary excretion of 
phenylpyruvate and intelligence have a common 
denominator may require an act of faith; but the 
studies of phenylketonuria provide important 
support for the lowest common denominator of 
gene action which has been widely demonstrated 
in nature: the one-to-one relation of gene action 
with an enzyme action |7!. Although an enzyme 
is often said to be “missing” or “absent” in a 
patient with an inborn error of metabolism or in 
a mutant .Veurospora, only its activity is missed. It 
is quite probable that the enzyme molecule is 
there, but structurally altered in keeping with 
the mutation of its genic template. The enzyme 
may be more or less functionless as a result of 
the change. That, at least, is the situation in 
respect to the abnormal hemoglobin dis- 
eases |5/|, the prototypes of the molecular 
diseases | 76). 

It is a tenable hypothesis that phenylketonuria 
also originates in the malfunctioning of a struc- 
turally altered enzyme protein, and that all the 
signs and symptoms can be explained by this 
hereditary molecular abnormality. There is 
direct evidence for the primary malfunctioning 
of one enzyme, and only one, in phenylketonuria. 
Chemical anomalies in metabolic sequences of 
compounds other than phenylalanine do occur. 
Multiple enzymic “blocks” have been invoked to 
account for these other biochemical disturb- 
ances |/8]. This entails abandoning the unitary 
hypothesis of gene action | 2,37), and it should be 
resisted so long as other explanations could also 
account for the findings. (See Pathogenesis.) 

Diminished oxidation of phenylalanine to 
tyrosine explains the most constant and central 
biochemical findings in phenylketonuria. Direct 
evidence of this is the accumulation of phenyl- 
alanine [39,56], the lack of a transient rise in 
blood tyrosine after phenylalanine administra- 
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tion [57], and the very limited (only 10 per cent 
of the normal) conversion of labelled pheny!l- 
alanine to tyrosine |%]. The leakage of 10 per 
cent through the block has been ascribed to a 
possible alternative pathway but it may well be 
the measure of the residual activity of the altered 
enzyme molecule. Autopsy samples of pheny!l- 
ketonuric livers were inactive in oxidizing 
phenylalanine to tyrosine when collected and 
measured under conditions in which active 
extracts were obtained from other human 
livers |60|. Inactivity could result secondarily 
from the diseased state, so inactivity does not 
prove an “‘absent”’ or defective enzyme. Pheny!- 
alanine hydroxylase can be inhibited, for exam- 
ple, by certain a-keto acids |97|, one of which 
saturates the phenylketonuric tissues (phenyl- 
pyruvate). But there is recent and important 
support for the view that phenylalanine hy- 
droxylase inactivity is the primary phenomenon 
in this disease. Ihe phenylalanine tolerance 
tests |49| already mentioned can identify the 
apparently normal heterozygote. The heterozy- 
gotes have none of the secondary chemical or 
clinical abnormalities seen in the pheny!l- 
ketonuric patient but they do show a definitely 
diminished capacity to metabolize large doses of 
phenylalanine. This is indicated by the higher 
blood levels and lagging disposal of the amino 
acid, presumably caused by less than normal 
phenylalanine hydroxylase activity. The pres- 
ence of some defective enzyme in these bearers 
of only one defective gene would be predicted on 
the basis of the one-to-one gene-enzyme relation- 
ship, if the enzyme defect were the primary 
abnormality. 

The direct demonstration of a molecular 
defect in the enzyme remains to be accom- 
plished. The lability of phenylalanine hydrox- 
ylase |9/| has discouraged its study as a protein. 
Recently it has been recognized that a group of 
enzymes, including phenylalanine hydroxylase, 
have many properties in common [44]. These 
enzymes all add molecular oxygen to their sub- 
strate, and for activity require a heavy metal, 
certain reducing agents like DPNH or TPNH, 
and oxygen. The mechanism of the enzyme reac- 
tion is not yet known, but the two enzymes [73] 
needed for the oxidation of phenylalanine ap- 
parently include one which acts merely to form 
the needed DPNH from added DPN. If this 
is so, there is no longer any basis for the assump- 
tion of a two-step oxidation of phenylalanine, 
one step of which was considered to be absent in 
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phenylketonuria, and the other to give rise to 
the abnormal! hydroxypheny! compounds in the 
urine {3,78}. 


SIGNS AND SYMPTOMS OF PHENYLKETONURIA 


The thesis maintained here is that every effort 
should be made to identify all abnormalities in 
phenylketonuria, and to explain them either as 
near or remote results of diminished phenyl- 
alanine oxidation, so far as this can be done. The 
effort is more than an exercise in ingenuity, 
since identification of even one regular feature 
not ultimately explicable by the presumed pri- 
mary enzymic lesion will mean that there is a 
still more fundamental lesion underlying the 
enzymic abnormality. 

The purpose of this section is merely to list and 
to evaluate the abnormalities observed in this 
disease. Numerous associated conditions have 
been reported in occasional phenylketonuric pa- 
tients, and some of these have gained a certain 
acceptance as part of the disease picture, more 
by repetition than by corroboration. Only those 
findings are included here which have been 
made with reasonable consistency in published 
and in personally observed cases. A more elabo- 
rate codification of the abnormalities to be 
explained in phenylketonuria is sorely needed. 

Chemical Substances. ‘The aromatic compounds 
found in abnormal amounts in phenylketonuria 
are given in Table 1 as derivatives of their parent 
amino acids. The major ones are L-pheny!l- 
alanine, and its -pyruvate, -lactate, -acetate [6/| 
and -acetylglutamine derivatives |72,86,96]. The 
body fluids contain a high concentration of 
phenylalanine (20 to 60 mg. per cent in plasma) 
but there is less of the remaining compounds, 
which are more rapidly cleared by the kidneys. 
Amounts of the order of a gram or more of each 
of these compounds may be excreted in the urine 
per day, depending on the body size and the diet. 
Free phenylacetic acid may be present in a lesser 
amount, and some may also be conjugated with 
glucuronic acid [67]. The phenylalanine deriva- 
tives were found and measured by classic chemi- 
cal methods. There is no doubt about their 
presence and no great difficulty in accounting 
for their formation. 

The remaining compounds are excreted in 
smaller amounts and were detected since the 
advent of paper chromatography. They prob- 
ably include substances reported earlier but 
unidentified [9,29,34|. They consist of the same 
derivatives of three other amino acids as the 
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derivatives of phenylalanine, with some excep- 
tions, and without the excretion of abnormal 
amounts of the parent amino acids. o-Hydroxy- 
phenylacetate |4,/9] is excreted in an amount 
of 0.1 to 0.4 gm. per day [3,4]. Indolylacetate 
and indolyllactate [2,52) are excreted in 
amounts of 0.02 to 0.15 gm. per day or less. 
These three compounds have been chemically 
isolated and identified, as we!! as demonstrated 
by paper chromatography. p-Hydroxypheny!- 
lactate and -acetate |/8|, and p-hydroxypheny]- 
pyruvate (K. R. Rees, cited in |/2]), have been 
detected only chromatographically and no meas- 
ure of the amounts excreted is available. The 
qualitative detection in urine of a physiologic 
compound does not in itself constitute an ab- 
normality. An average of 0.04 gm. per day of 
p-hydroxyphenylpyruvate has been reported in 
the urine of a great variety of patients, including 
those with liver disease, blood dyscrasias and 
miscellaneous infections {43}. It is also claimed 
that m-hydroxyphenyl-acetate and -lactate are 
regularly present in normal urine but are 
absent from the urine in phenylketonuria | 7/8). 
Neither of these statements has yet been 
confirmed. 

The organization of Table 1 implies that the 
missing derivatives of each amino acid can 
potentially be formed and might also be found in 
the urine in phenylketonuria. o-Hydroxypheny!- 
lactate was not found, however, even after 
administration of its present compound, o-tyro- 
sine |3]. Indolylacetylglutamine was identified 
in the urine of patients with the recently de- 
scribed Hartnup disease (also called H-disease, 
'53\) but the same method did not reveal its 
presence in the urine in phenylketonuria [52}. 
o-Hydroxyphenylacetate apparently cannot be 
conjugated with glutamine by man | 24]. 

Jervis and his group considered the possibility 
that the incorporation of phenylalanine into 
body protein might be abnormal in pheny!l- 
ketonuria. Analysis of serum, brain, liver and 
kidney protein from phenylketonuric patients 
showed a normal phenylalanine content [{/6). 
These results can be accepted despite a report to 
the contrary [82]. It remains possible that the 
synthesis of a particular protein in a given tissue 
might be altered and that this would not be de- 
tected by an analysis of the proteins of the tissue 
en bloc. Something like this has been detected in 
an electrophoretic study of plasma proteins in 
phenylketonuria. Multiple spike anomalies of 
the 8-lipoproteins were found in eight of eighteen 
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patients examined |22|. The anomalies di- 
minished on a phenylalanine-deficient diet. No 
ultracentrifuge studies were reported. A some- 
what similar anomaly was found in some cases 
of primary systemic amyloidosis [79]. 

Pigmentation. The limitation of the first exam- 
ples of the disease, found in Norway, to fair- 
haired, fair-skinned persons with blue eyes was 
not particularly remarkable. But over 90 per 
cent of all patients seen in different countries, 
including the United States, are said to conform 
to this type [6/7]. The disease may be more fre- 
quent in, but is definitely not limited to, people 
of North European origin. Cases have been 
described in typical Mediterranean families, 
54,88), one case in a Negro | 37), and two cases in 
one Jewish family |27). All that can be said is 
that the coloration of affected subjects ts lighter 
than that of the family, and this dilution of pig- 
ment has been confirmed spectroscopically |30) 
and is reversed by treatment [5,/3,20,85,97'. 
Some patients are relatively well-pigmented, 
although as a group their coloration tends to 
resemble the Nordic type. 

Dermatologic Abnormality. Observers have ol- 
ten commented on the tendency of these patients, 
especially in the early years of life, to have some 
kind of skin disease. One-third of 104 published 
case reports examined mentioned some ab- 
normality of the skin. This varied from severe 
eczemoid lesions to mild eruptions or simply to 
dry, rough or scaly skin. No dermatologic 
appraisal of these lesion appears to have been 
made, nor is there any comparison of their fre- 
quency with the frequency of similar lesions 
among other defective children. There is a 
tendency to have a fine and probably easily 
damaged skin, as well as a light skin. The ab- 
normality could be no more than an increased 
sensitivity of the skin to the usual traumas 
experienced by a defective child, especially since 
the lesions are most common on wetted and 
exposed areas. 

Epinephrine Tolerance. An increased hyper- 
tensive response to intravenous epinephrine 
injections has been reported to occur in pheny!l- 
ketonuric patients |25|. These observations were 
made in two patients and are at present uncon- 
firmed, even though the technic has been used 
to evaluate patients with various other kinds of 
mental disease [47|. The finding is sufficiently 
important for it to be repeated, and if neces- 
sary, to be extended to include more precise 
measurements of epinephrine sensitivity such as 


its effects on carbohydrate metabolism. Con- 
firmation of a sort was the low plasma epineph- 
rine level found in thirteen phenylketonuric 
children {93|, although any mental defect will 
produce a level lower than that of normal 
persons. 

Central Nervous System Abnormalities. These 
may be divided for convenience into (1) general 
neurologic findings, (2) epilepsy and electroen- 
cephalographic abnormalities, and (3) the men- 
tal defect. It should be stressed at the outset that 
no neuropathologic findings (or any pathologic 
findings in other parts of the body) are regularly 
present which might account for the clinical 
abnormalities observed. The sole finding which 
has recurred in several cases, usually in chil- 
dren |/,67) but also in two adults |&), is localized 
or diffuse demyelination or retarded myelina- 
tion. Such lesions are not inconsistent with what 
might be expected in this kind of metabolic 
disease, nor with the neurologic findings in some 
cases. Many other autopsies did not show these 
abnormalities. The existence of such lesions in 
at least a definite fraction of these cases remains 
to be established. But the presence of a functional 
abnormality is suggested by the decreased re- 
moval of oxygen from the blood by the brain in 
nine phenylketonuric patients compared with 
that in undifferentiated mental defectives of the 
same age | 45,46). 

Neurologic Findings. These have been well 
summarized by Jervis |6/). In about two-thirds of 
the cases slight to marked neurologic signs are 
present. These usually consist of extra-pyramidal 
signs with some degree of hyperactivity of the 
deep reflexes, muscular hypertonicity, ataxia 
and athetoid movements or tremors. Rarely are 
pyramidal signs present, although the gross 
movements in many cases remind one of pa- 
tients with cerebral palsy. Restlessness expressed 
in incessant, repetitive and mannecristic motion 
is Very Common. 

Epilepsy. One-fourth to one-third of phenyl- 
ketonuric patients have or have had seizures, 
usually of the grand mal type. These episodes 
tend to decrease in frequency with age. It ts 
probable that petit mal attacks are even more 
common in early life. The expected electro- 
encephalographic abnormalities are regularly 
observed in those patients with epilepsy. Minor 
abnormalities of the electroencephalogram are 
reported in the majority of patients, including 
those not subject to fits [74]. Kreezer attempted 
to correlate the several properties of the electro- 
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encephalogram with mental age in different 
conditions |66|, and found what he considered to 
be a characteristic pattern of abnormalities 
in phenylketonuric patients |67). The evaluation 
and interpretation of any abnormalities of the 
electroencephalogram which might be char- 
acteristic of phenylketonuria would greatly aid 
our understanding of the neurologic disorder. 
By providing an objective sien, this would un- 
doubtedly help in the development of successful 
treatment. 

Mental Defect. 1t is clear that the majority of 
phenviketonuric patients are of low-grade 
intelligence, except possibly during the first 
few months of life. All have some deeree of men- 
tal defect. Rarely, if ever, does a patient show 
any progressive deterioration as part of the 
major disease process. It is said that they do not 
differ psychologically from other subjects with 
mental defects. 

There is direct evidence that none are of nor- 
mal intelligence. Tests of 10,000 young men in 
military service by Jervis 6/7) and of 8,220 people 
in southern Sweden not known to be mentally 
defective |68| did not turn up a single case. To 
these may be added an unknown number of 
persons whose urine has been tested with ferric 
chloride by physicians who would have recog- 
nized the abnormality. These surveys of nearly 
20,000 normal people provide direct proof that 
the true incidence of phenylketonuria is close to 
that calculated on the incidence in the mentally 
defective population. The calculated incidence 
may be in error only to the extent that the 
rare case with borderline intelligence escapes 
institutionalization. 

The majority of patients with phenylketonuria 
are idiots. Perhaps one-half of them never learn 
to talk, and one-third never learn to walk. But a 
definite fraction of them are educable, and some 
are “borderline mental defectives”’ (1. Q. 75 to 
80). Jervis found the following distribution of 
I. Q. among a total of 330 patients for whom 
exact psychometric data were available: 


1. Q. |<1011-20/21-30 31 > 70 


Per 
cent 37, 2% | 12 10 9 2 


It is important to establish that typical phenyl- 
ketonuria is compatible with relatively high 
grade (borderline) intellectual development. 
Cases of this sort have been reported, often with 
the suggestion that they represented partial 
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chemical blockage, heterozygotes, mild variants 
of the gene, and so on. These cases have been 
recently reviewed in connection with careful 
studies of a thirteen year old girl who had 
phenylketonuria and who was only one year 
behind her age group in public school {50}. All 
the typical chemical and clinical parameters of 
this disease, except for the relatively high I. Q., 
were confirmed in this patient. The parents and 
a brother were identified as heterozygotes by 
phenylalanine tolerance tests. The patient and a 
sister, a typical institutionalized phenylketonuric 
with an I. Q. of less than 10, were undoubtedly 
homozygous for the gene. In three other families 
with one phenylketonuric member with border- 
line intelligence there was also a second member 
who was a severely retarded phenylketonuric 
subject. In the family studied it was clear that 
there was no significant difference in the degree 
of interference with phenylalanine oxidation 
between the two patients with borderline and 
low intelligence, and that the gene present in 
this family was not limited to a mild effect on 
intelligence. The explanation of relatively ex- 
ceptional intelligence in phenylketonuric pa- 
tients, or of the wide spread in I. Q., has been 
sought only in the amounts of possibly “‘toxic”™ 
metabolites excreted, and without success. Solu- 
tion of this problem will greatly advance our 
understanding of the pathogenesis and possibly 
improve the treatment of phenylketonuria. 


PATHOGENESIS 


The major abnormal metabolites, phenyl- 
alanine and its derivatives, are produced by the 
overflow of large amounts of phenylalanine 
through reactions normally carrying only small 
quantities. The combined leakages are sufficient 
to re-establish a steady state in the face of the 
dietary intake only at extremely high blood 
levels of phenylalanine. At these levels the rena! 
reabsorptive capacity is overwhelmed and a 
significant amount of phenylalanine is lost in the 
urine. There is no specific renal impairment | 36). 
More phenylalanine is lost by chemical changes. 
The nature of these changes establishes a pattern 
for the degradation of excess amounts of anv 
aromatic amino acid. (Table 1.) Phenylpyruvate 
is first formed, almost certainly in part by trans- 
amination |72|, and possibly also by the action of 
L-amino acid oxidase |/4|. Part of the phenyl- 
pyruvate is reduced to phenyllactate, a reaction 
readily catalyzed by DPN lactic dehydrogenase 
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.71\. Another portion is oxidatively decarboxy]- 
ated to phenylacetate. The particular enzymes 
which do this to aromatic a-keto acids are not 
yet known but the reaction is a familiar one in 
tissues. The conjugation with glutamine of 
phenylacetate fed to man and higher apes has 
long been known [87,96); the reaction is proba- 
bly analogous to that of the enzyme which forms 
hippuric acid [80). 

The same series of derivatives, allowing for 
certain exceptions caused by the chemical 
specificities of the body, may be expected in 
the disposal of excessive amounts of any of the 
aromatic amino acids. A similar pattern of 
metabolites of tryptophan is found in the newly 
described “‘Hartnup disease” |6|. Excess tryp- 
tophan is excreted in the urine, and although the 
labile indolylpyruvate and its reduced product, 
indolyllactate, have not been found, indoly!- 
acetate and indolylacetylglutamine are both 
excreted [53]. p-Hydroxyphenylpyruvate, 
lactate |69| and the acetate derivatives {63) are 
excreted when the metabolism of tyrosine is 
inhibited by scurvy. 

The most puzzling biochemical aspects of 
phenylketonuria are the origins of those metab- 
olites analogous to the ones from phenylalanine, 
but derived from three other aromatic amino 
acids: o-tyrosine, tyrosine and tryptophan. 
(Table 1.) The o-hvdroxyphenylacetate is defi- 
nitely formed from phenylalanine, as was shown 
by C'* labelling experiments [92). The ortho- 
hydroxylation cannot be affected by the para- 
directing phenylalanine hydroxylase, but perhaps 
by some still undiscovered ortho-hydroxy- 
lase |44|. Acting on phenylalanine, pheny!- 
pyruvate or phenylacetate, this would provide 
one of the escape routes that carries off the 
excess phenylalanine. Dalgliesh demonstrated 
that “‘unspecific hydroxylation” by an artificial 
system could give rise to most of the abnormal 
metabolites found in phenylketonuria {37}. It 
is reasonable to believe that enzyme systems 
exist in the body to duplicate these results. It has 
been speculated that the loss of one of two steps 
in the reaction of the phenylalanine hydroxylase 
could give rise to abnormally hydroxylated 
phenyl compounds [3,79]. No experimental 
basis remains for assuming two steps for this 
reaction but, even so, this theory does not ac- 
count for the abnormal tryptophan derivatives. 
The multiple metabolic blocks proposed [78] to 
account for the compounds excreted is a phe- 
nomenologic explanation. It is unlikely in view 
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of the normal metabolism of large amounts of 
tyrosine |55| and o-tyrosine |.3| in these patients. 
More importantly, as already pointed out, its 
acceptance incurs abandonment of the theory of 
the unitary action of the gene. 

If it is assumed that increased conversion of 
o-tyrosine, tyrosine and tryptophan to their 
pyruvate derivatives occurs in phenylketonuria, 
the other abnormal metabolites excreted also 
could be produced by analogous mechanisms. 
o-Tyrosine is not a known component of the 
body and must be formed from phenylalanine or 
phenylpyruvate as already described. The 
pyruvate derivatives of these three amino acids 
might then be expected to give the several ab- 
normal compounds so far found, and potentially 
several others, just as does phenylalanine, and as 
do tryptophan in Hartnup disease and tyrosine 
in scurvy. 

The reason for the increased formation of the 
pyruvate derivatives of phenylalanine and 
o-tyrosine, at least, appears to be obvious. There 
is excess phenylalanine which must be disposed 
of through whatever reactions are available. 
However, it is unlikely that the normal metabolic 
machinery could perform any new reactions, or 
even the normal subsidiary reactions on the 
observed scale without a sort of chemical hyper- 
trophy, an adaptive increase in certain enzymes. 
It is probable that appropriate metabolic 
adjustments are made over the long period of 
tume that the phenylketonuric subject is stimu- 
lated by the high tissue levels of phenylalanine. 
Ortho hydroxylation of phenylalanine normally 
is undetectable, but becomes a major reaction in 
phenylketonuria. An adaptive increase in a 
transaminase or oxidase may be necessary before 
significant amounts of phenylpyruvate can be 
formed. This would account for the lag period 
during the first weeks or months of life before a 
phenylketonuric child begins to excrete phenyl- 
pyruvate [|47). Also, in normal people given 
phenylalanine tolerance tests |49), it was noted 
that no phenylpyruvate was excreted when the 
plasma levels of phenylalanine were raised to 
those at which phenylpyruvate regularly formed 
in phenylketonuric subjects. Presumably in the 
phenylketonuric person there is an increased 
ability to make this compound from pheny!l- 
alanine. Similar adjustments or adaptive changes 
in other enzymes may also be expected to occur, 
since such changes can follow alterations in 
substrate concentration or hormonal balance, 
and consequently can be caused by almost any 
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disturbance of the metabolic state of an organ- 
ism 

An adaptive increase in the conversion of 
phenylalanine to phenylpyruvate, which would 
at the same time increase the conversion of the 
other aromatic amino acids to their pyruvate 
derivatives, could involve ecither of the pro- 
jected deaminating reactions. Increased L-amino 
acid oxidase activity would result in oxidation of 
more tyrosine and tryptophan | /4| and o-tyrosine 
(1/5) as well as more phenylalanine to the 
pyruvate derivatives, since the (rat kidney) 
enzyme has relatively high activity for all these 
compounds. Its increased activity in respect to 
other amino acids would contribute to the cel- 
lular imbalance of amino acids to be discussed. 
An adaptive increase in phenylalanine trans- 
amination would not obligatorily entail an 
increased reaction of the other amino acids, 
sinee recent work in this laboratory has shown 
that separate and specific transaminases exist for 
each of the amino acids, phenylalanine, tyrosine 
(see also | 23)), tryptophan and histidine. Possibly 
several of these enzymes could be adapted in 
man by the same stimulus, although phenyl- 
alanine did not adapt them in the rat. It is 
probable, however, that increased amounts of 
keto acid acceptors (a-ketoglutarate and pyru- 
vate) would be available as a result of the large 
scale transamination of phenylalanine (by a-keto 
acids regenerated from glutamate). This could 
facilitate transaminations in general without 
significant change in the enzyme concentrations. 
The reported finding of a-ketoglutarate in the 
urine of phenylketonuric subjects (Rees, cited in 
-/2\), together with the phenylpyruvate present 
in the blood [59), are indications of such an 
a-keto acid surfeit. 

It is clear that the effect of loss of the activity 
of an enzyme in an organism will involve more 
than simply omission of one step in an otherwise 
rigidly maintained metabolic sequence. The 
metabolism of the whole organism is altered 
from the normal in other ways besides that 
represented by the primary defect. This adapta- 
bility accounts for the survival of organisms with 
such fundamental lesions as those of an heredi- 
tary disease, but it increases the complexity of 
the pathogenetic mechanisms. No further effort 
need be made to analyze the possible physiologic 
consequences of the enzymic adaptations already 
mentioned, until evidence as to their true nature 
and extent is available. But secondary disturb- 
ances of another sort must also be mentioned. 
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The amino acids are normally concentrated 
within cells by more or less specific transport 
systems. The total amount and the proportion of 
one to another is of undoubted importance to the 
cell's normal function. Christensen has 
drawn attention to the importance of the possible 
derangement of cellular amino acid balance 
caused by the excess of phenylalanine in the 
tissues of the phenylketonuric subject. No com- 
plete analyses of blood or tissue free amino acids 
are yet available in this disease, and the extent 
of the induced disproportion cannot be assessed. 
But serious harm, of an unexpected sort, could 
be produced by the displacement by pheny!l- 
alanine of some other essential amino acid from 
some particular tissue. Treatment designed to 
restore biochemic normality by decreasing the 
phenylalanine level in tissues might defeat itself 
unless the mixture of amino acids fed also per- 
mitted a normal cellular free amino acid pattern 
to be re-established. 

The abnormal in  phenyl- 
ketonuric serum could represent one conse- 
quence of this cellular amino acid imbalance. 
Liver dysfunction was suggested as a cause of 
these anomalies | 22), although the only clinically 
recognizable liver dysfunction found generally 
in phenylketonuria is the specific inability to oxi- 
dize phenylalanine. [he structure of lipoproteins, 
with their propensity for binding small molecules, 
usually lipids, possibly even phenylalanine, 
might be particularly sensitive to the chemical! 
milieu in the cells where they are made. 

The subnormal pigmentation and the sensitiv- 
ity to epinephrine can be discussed together, 
since both melanin and epinephrine are products 
of tyrosine metabolism |32|. The cells which 
produce these substances, the melanophores and 
cells of the adrenal medulla, are both derived 
from the neural crest | 48}. A diminished synthesis 
of epinephrine, producing an effect like Can- 
non’s Law on denervated organs, would result 
in a greater response to a given dose. The 
syntheses of both pigment and epinephrine 
may therefore be inhibited. Defective differentia- 
tion of these tissues is one possibility. This is un- 
likely, even though phenylalanine (or tyrosine) 
is required for the normal differentiation of these 
tissues, and phenyllactate can specifically in- 
hibit the differentiation of the pigment cells 
94,95|. Even with normal differentiation, an 
inadequate tyrosine supply might restrict the 
similar functions of these two related tissues. 

An overt deficiency of tyrosine probably does 
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TABLE 
PROVISIONAL PATHOGENETIC CHAIN OF CAUSATION IN PHENYLKETONURIA 
The primary enzymic abnormality at the left “‘in some way causes” the sequential disturbances in the 
columns to the right. 


‘Toxic’ metabolite 


Phenylacetate 
odor 
Cerebral oxygen 
Overtiow of uptake reduced 
phenylalanine Adapted 
to phenyl- and conversion 


Phenylalanine o-hydroxyphenyl- of tyrosine Llectroen- 
accumulation derivatives and tryptophan cephalographi Neurolog« 
abnormalities signs 
Altered Skin sensitivity 
Defective amino acid é 
phenylalanine Tyrosine pattern in Mental 
hydroxylase deticiency cells Abnormal Light coloration Epilepsy deheiency 
3-lipoproteins 
Abnormal Sensitivity to Skin 
tissues from Inhibited epinephrine lesions 
neural crest pigmentation 
Inhibited 
epinephrine 
synthesis 


not occur in phenylketonuria, even though tyro- 
sine is an essential amino acid for these patients. 
Tyrosine is an essential amino acid for most cells, 
except those like liver cells which can form it 
from phenylalanine |35|. There is no significant 
dwarfing or subnormal growth of phenyl- 
ketonuric subjects to suggest an amino acid 
deficiency if the somewhat smaller physical size 
of mentally defective subjects in general is used as 
the norm. Nevertheless, a relative deficiency may 


exist. Normal diets contain no great excess of 


tyrosine. Very much less than the normal 
amount of tyrosine was found in the urine of one 
phenylketonuric patient |36|, and a lower than 
normal plasma tyrosine level in another {/3). 
Any abnormal excretion of p-hydroxyphenyl- 
pyruvate and its derivatives represents lost 
tyrosine. Any competition with the structurally 
related phenylalanine present in large excess 
could diminish a marginal tyrosine metabolism 
to critical levels. Evidence of a relative tyrosine 
deficiency, or of an unfavorable phenylalanine- 
tyrosine competition, is afforded by the darken- 
ing of new grown hair when either the tyrosine 
intake was increased (by massive doses for three 


months) |85| or the phenylalanine intake was 
lowered (| 5,/3,20,97|. An analogy for this effect is 
the competitive inhibition by phenylalanine of 
mushroom tyrosinase activity | 33). This system is 
commonly used as a model of the still obscure pig- 
ment-forming system in man. If the epinephrine 
sensitivity in phenylketonuria can be confirmed, 
it will be of interest to see if conditions restor- 
ing pigmentation also decrease sensitivity to 
epinephrine. 

A direct inquiry into the origin of the central 
nervous system abnormalities is sull impossible 
because of the multiplication of the hypothetic 
secondary and tertiary effects of what is actually 
known to be abnormal at a lower level of com- 
plexity. (Table u.) Certain limitations can be de- 
lineated, however. These concern the probable 
time and nature of the injury, and the possible 
toxicity of certain metabolites. 

The tissues showing abnormalities in phenyl- 
ketonuria, the central nervous system, skin and 
possibly adrenal medulla, are embryologically 
derived from ectoderm. No serious disturbance 
of the differentiation of these tissues in fetal life 
occurs, at least no detectable morphologic indi- 
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cation of this is found, and the probability of any 
intrauterine damage is small. Fetal abnormalities 
or stillbirths do not occur in excess in pheny!l- 
ketonuric families or the eflect of this would have 
appeared in the genetic statistics. The affected 
children are uniformly considered well for the 
first few months of life. It is unlikely that a 
phenviketonuric fetus in its heterozygous mother 
would accumulate any excess phenylalanine, 
when the normal supply is only adequate for the 
rapid rate of protein synthesis taking place. The 
report that a phenylketonuric woman bore two 
normal children |6/) provides additional evi- 
dence that exposure to excessive phenylalanine 
levels during gestation does not harm the fetus. 

The involvement of the three tissues of similar 
origin must therefore be attributed to the simi- 
larity of their chemical functions or susceptibili- 
ties, and not to their differentiation. The 
abnormalities probably develop after birth. 
If this is so, the clinical signs of phenylketonuria 
are acquired as a result of the built-in bio- 
chemical environment to which the three tissues 
are exposed during infancy.* 

The simplest abnormality of the internal 
environment to be measured against the mental 
defect, and the only one considered to date, is a 
hypothetic “toxic’’ compound among the ab- 
normal metabolites in this disease. It has been 
assumed that a parallelism will be found be- 
tween the amount of this compound and the 
I. (2. in a series of patients, although corrections 
lor body size and food intake have not been used 
in such studies. In six patients between five and 
sixty-two vears of age receiving the same dict ad 
irhitam, the hourly output of phenylpyruvate was 
found to be in proportion to body surface area, 
and to bear no relationship to the |. Q. of the 
patients |65|}. Two small children with relatively 
high I. Q.’s exereted relatively little phenyl- 
pyruvate | 28,4), but these amounts were proba- 
bly the usual ones for their size. 

In general, no correlation has been found be- 
tween I. Q. and the blood levels of phenylalanine 
4,17\ or of phenylpyruvate |59), or the urinary 
excretion of phenylalanine, phenyllactate and 
phenylpyruvate |58) or o-hydroxyphenylacetate 


* This view was confirmed by a recent study of a new- 
born patient. The serum phenylalanine level was normal 
at birth M. D. and Bivxiey, E. L., Jr. 
Proc. Soc. Exper. Biol. @ Med., 93: 418, 1956). In addition, 
the formation of the various metabolites lagged behind 
the accumulation of phenylalanine until the necessary 
enzyme adaptations occurred. 
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4). The suggestion that p-phenylalanine is 
formed by racemization and does the damage 
has been disproved |78|. The amounts of the 
indole compounds and of phenylacetylglutamine 
excreted remain to be measured in relation to 
body size and I. Q. 

Frequent references are made to the toxicity 
of phenylacetate, which was noted many years 
ago in the course of experiments to find a limit 
to the ability of the body to make glutamine | 84 . 
Massive doses, several times the amount formed 
in phenylketonuric subjects, were taken re- 
peatedly by volunteer subjects, with some dis- 
comfort but no truly alarming symptoms (83). 
Bickel, in the course of toxicologic studies 
of several of the metabolites, administered ex- 
tremely large doses of phenylacetate to a 
phenylketonuric child without significant effect 
on her behavior [7/2]. Definite effects were 
observed, consisting of slight ataxia and de- 
terioration of behavior, when sufficient extra 
phenylalanine (or phenylpyruvate) was given to 
increase the blood level of phenylalanine 
(10,12). Only one clinical manifestation was 
clarified by the experiments with phenylacetate. 
The “musty” or “‘mousey” odor of the urine in 
phenylketonuria was greatly increased by the 
administration of extra phenylacetate, which has 
itself a sweetish, musty odor. 

It is not necessary for a single “‘toxic’’ com- 
pound, in a pharmacologic sense, to be found to 
account for the abnormalities of the central 
nervous system in phenylketonuria. Too many 
chemical disturbances are known which would 
also have some effects. The increased tissue 
concentration of some metabolites and decreased 
amounts of others, and the amplification of 
these abnormalities by adaptive changes of 
enzymes, altered amino acid uptake and possi- 
ble deficiency of regulators like epinephrine, 
could so displace the chemical milieu from its 
normal homeostatic balance that normal func- 
tion of cells could not be maintained. The 
decreased cerebral arteriovenous oxygen differ- 
ence is one sort of indication of malfunction, and 
the abnormal electroencephalographic activity 
and clinical behavior are indications of another 
sort of the same malfunction. Despite its com- 
plex origin, however, the effect might be com- 
pared to that of anesthesia or stupefaction by a 
simple pharmacologic agent. The effects of 
deprivation of learning during a life-long anes- 
thesia would not be reversed as promptly as 
the anesthesia itself! It is necessary to separate 
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the effects on neurologic signs, electroencephalo- 
graphic changes and stupidity from what we 
recognize by empiric standards as intelligence. 
Intelligence standards are derived from normal 
persons who develop without pause in the ab- 
sence of high tissue levels of phenylalanine. 
When the phenylalanine level in phenyl- 
ketonuria is restored to normal and the pharma- 
cologic effects are reversed, it will be necessary 
to face the problem of determining intelligence 
in new kinds of creatures, either modern 
Galateas or monsters. 


TREATMENT 


This is neither the time nor place for a defini- 


tive evaluation of the most recent therapy of 
phenylketonuria. Only short term accounts of 


approximately seventeen patients treated with 
phenylalanine-deficient diets have been pub- 
lished [(5,77,73,20,47,97|. At least several times 
this number of patients are currently being 
treated. For the present purpose the various 
forms of therapy which have been tried will be 
considered only as “‘therapeutic trials,’ impor- 
tant for what information they contribute about 
the nature of the disease. 

The literature abounds in references to uni- 
formly unsuccessful treatments with various 
mineral, vitamin or hormonal supplements. 
The rationale behind these attempts may have 
been based on misunderstanding of the true 
nature of the disease, or on the wishful thought 
that availabie ancillary components of enzyme 
systems might replace a whole enzyme. The 
results support the view that only a gene can 
make an enzyme. An intriguing possibility, 
attributed to Linus Pauling in the popular 
press, would entail the introduction into an 
artery of a catalyst-lined tube to take over the 
specific oxidation of phenylalanine for the 
organism. No catalyst with the required proper- 
ties is now known. 

Tyrosine supplementation of the diet of 
“‘tyrosineless’ phenylketonuric patients has 
been given adequate clinical trial | 72,29,70,87,85). 
Despite the possibility of a relative tyrosine de- 
ficiency in these patients, as already discussed, 
tyrosine supplementation by itself has had no 
effect except to increase hair pigmentation when 
given in large doses. It is noteworthy that this 
regimen disclosed no evidence of a secondary 
block [78] in tyrosine metabolism. Prolonged 
treatment with glutamic acid was unavailing [98]. 

All current treatment involves the production 
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of a partial phenylalanine deficiency to eliminate 
the accumulation of phenylalanine in these 
patients. Up to the present the overriding con- 
sideration has been to determine whether or not 
it was possible to maintain a patient with 
adequate nutrition for a sufhciently long period 
on a low phenylalanine diet so that the effects of 
this treatment could be determined. The early 
and limited use of diets supplying nitrogen in the 
form of a costly mixture of pure amino acids 
(by Armstrong and Tyler |5| and Dent, cited 
in |5|) was supplemented by the use of casein 
hydrolysates treated to remove the phenyl- 
alanine. This type preparation, which could be 
made on the necessary large scale, was suggested 
by Woolf and was first used late in 1951 by 
Bickel and his associates |/3) as the basis of a 
diet on which a two year old girl was main- 
tained for six weeks. Two commercial concerns * 
undertook to supply this diet for several lone- 
term experiments. Various refinements of the 
diet were made to increase acceptance and to 
insure an adequate intake of essential amino 
acids, accessory food factors and calories. It 
now appears that, with care, at least the majority 
of children can be maintained in positive nitro- 
gen balance and show a satisfactory rate ol 
growth on such diets, while at the same time the 
blood phenylalanine levels are significantly 
lowered. The earliest patients treated have 
been maintained in this way for over three 
vears | 77,89). 

The phenylalanine-deficient diet has almost 
uniformly produced results which support the 
concept that most, if not all, of the disease mani- 
festations are secondary to the accumulation of 
phenylalanine. It remains only to ascertain, 
through longer trials, closer biochemical control 
and adequate testing of the patients treated, 
whether or not complete relief of all signs and 
symptoms can be achieved. Editorial comments 
on this development have been guarded in 
tone [27,62|, largely because what we recognize 
as normal intelligence has not yet been demon- 
strated in a treated phenylketonuric patient. The 
objective evidences of improvement leave little 
doubt that the disease can be substantially 
alleviated. Possibly development of the disease 
can be prevented by this treatment, since the 
youngest patients treated are not demonstrably 
abnormal. 

The biochemical abnormalities characteristic of 


* Allen and Hanbury, Ltd. in England and Merck & 
Co. in the United States. 
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phenylketonuria were completely eliminated by 
the low phenylalanine intake. This occurred in 
about a month or less, depending upon the 
phenylalanine intake, the adequacy of the diet 
and the growth potential retained. The urinary 
excretion of phenylpyruvate was a poor index of 
control since it disappeared while the plasma 
phenylalanine was still elevated |5|. When the 
plasma phenylalanine was reduced to near- 
normal levels there was no further urinary 
excretion of phenylalanine, phenylpyruvate | /3), 
phenyllactate, phenylacetylglutamine |65| and 
o-hydroxyphenylacetate [4,/8|. The peculiar 
odor of the urine vanished | 5,/3)|. The p-hydroxy- 
phenyl compounds, which may not be present 
in abnormal amounts, remained unchanged. 
Some indolylacetic acid persisted in a reduced 
amount, but this was probably derived from the 
DiL-tryptophan present in the diet {65}. The 
abnormal 8-lipoproteins found by plasma elec- 
trophoresis substantially disappeared | 22). 

The clinical signs in phenylketonuric patients 
also improved after several months of treatment 
during which a negative urine phenylpyruvate 
test was maintained. The skin of those patients 
with dermatologic lesions cleared [ 5, 73,20) and in 
most patients new-grown hair was darker 
| 5,13,20,97). Convincing objective evidence of the 
clinical value of the treatment was the decrease 
in number, or the abolition of, the epileptic 
seizures and the disappearance of electro- 
encephalographic abnormalities in at least 
cight patients who were originally affected in 
this way [5,/2,20,47,97|. The precipitation of 
severe epileptiform seizures during the first 
month of treatment while the phenylalanine was 
being depleted (in three cases referred to in the 
literature |5,72,97| and a fourth with fatal result 
that has been communicated to us) may give 
warning of the risk of a critical complication 
in readapting the phenylketonuric patient to a 
new way of life. 

There is near unanimity that changes in the 
neurologic behavior were produced by the dict. 
Increased attentiveness and composure are the 
attributes most commonly reported. There are 
few detailed comparisons of the neurologic 
findings before and after treatment, since these 
apparently fade in importance in relation to the 
distinct upsurge of general development seen 
while treatment continues. The Griffiths mental 
development scale for testing infants from birth 
to two years was used to good advantage in 
describing the changes (97), since it represents a 
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method of numerically grading the clinical ob- 
servations on five distinct aspects of develop- 
ment. Significant improvement occurred in all 
aspects, and similar results are to be found in the 
other reports. Mental age and I. Q. have gen- 
erally increased slightly, less than would be ex- 
pected from the clinical improvement, and possi- 
bly only because of the improved testability of 
the patients. But only the extent and not the 
fact of the effectiveness of the diet hinges upon 
the I. Q. changes. 

It should be noted that all aspects of the dis- 
ease except the mental deficiency have been 
reversed in relatively short periods. In the pub- 
lished cases the patients range in age at the start 
of therapy from eight weeks |47| to eight years 
_/2|, with possibly better results in the younger 
patients. No age distinction was apparent, how- 
ever, in the degree of biochemical or objective 
clinical improvements. The suggestion has been 
made that treatment should be started in the 
first few months of life “before irreversible brain 
damage has occurred” |/7|. While early diag- 
nosis should be encouraged, it is not yet clear 
that any irreversible changes do occur or that the 
younger children do respond better. Because 
chronologic age is a factor in all intelligence 
measurements, older children are put at a nu- 
merical disadvantage when they begin to de- 
velop [97]. 

In evaluating and comparing the results of 
treatment, more emphasis must be placed on the 
degree of biochemical control achieved, since this 
remains the touchstone of effectiveness. The goal 
should be the maintenance of biochemical normal- 
ity, including the correction of any amino acid 
imbalance or relative tyrosine deficiency which 
may prove to occur, and the avoidance of nutri- 
tional stress. It is a tribute to modern nutritional 
science that people can survive on this unnatural 
diet, and it would not be unexpected if residual 
chemical abnormalities should persist or be 
created. However, the results already obtained 
with a certain degree of chemical control should 
encourage work to eliminate any remain- 
ing chemical abnormalities in phenylketonuric 
patients. 
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Galactosemia 


A. Howzer. mM.p., p.c.u., G. M. KomMROwER, M.B., M.R.C.P., and 
V. SCHWARZ, PH.D., B.SC. 


Manchester, England 


ALACTOSEMIA is an inborn error of metab- 
(5 olism characterized by a specific inability 
to metabolize galactose in the normal manner, a 
partial block occurring in the conversion of ga- 
lactose to glucose. This may result in the de- 
velopment of a high level of galactose in the 
blood, widespread tissue damage and interfer- 
ence with growth | 
The condition is uncommon although, with 
growing awareness of the disorder, more cases 
are being discovered each year. 

Inheritance. Many workers have reported the 
frequency with which the condition is found in 
certain families |//-/5| but the mode of trans- 
mission of the gene has been a matter for specula- 
tion. As the galactose tolerance test is abnormal 
in all cases of galactosemia, the authors used it in 
all the near relatives in four families in whom 
there were affected children |/6|. The subjects 
were all carefully examined to exclude other 
causes of galactose intolerance (such as liver 
disease). A galactose index | /7| of more than 160 
was considered abnormal. 

In every family one parent had an abnormally 
high galactose index and in one instance both 
parents were found to have a marked impair- 
ment of tolerance for galactose. In one family in 
which there was a marriage between first cousins 
two children died in infancy and two living chil- 
dren had abnormal galactose indexes. (Fig. 1.) 
The deaths, both from the clinical description 
and from autopsy reports, appear to have been 
due to galactosemia. Recently Berger [/8| re- 
ported on a patient whose parents were first 
cousins but in whom no estimations of galactose 
tolerance were carried out. 

The investigation revealed a high incidence of 
abnormal galactose tolerance without any clini- 
cal evidence of galactosemia among the members 
of these families. It was suggested that this state 
might be inherited as an heterozygous character 
and the subjects in whom the active overt form 
develops may be homozygous for the same gene. 


There might, alternatively, be other factors that 
accentuate the condition. 

The weakness of the argument lies in the fact 
that we were unable to show abnormal tolerance 
in both parents in all cases but it is probable that 
the galactose tolerance test is not a sufficiently 


+ 2 Fis urs 
O GALACTOSE TOLERANCE TEST WOmMAL 
= GALACTOSE TOLERANCE TEST ASNOMMAL 


| CLINICAL GALACTOSARMIA 
FEMALE WALE 


Fic. 1. Family in which parents were first cousins. 


sensitive method of investigation. It will be 
shown later that the enzyme deficiency can be 
demonstrated in the red blood cells of subjects 
with galactosemia |/9| but that the enzyme is 
present in apparently normal amounts in the 
erythrocytes of the parents and near relatives. 
The test, therefore, may not be suitable for ge- 
netic investigations. Galactose is largely metabo- 
lized in the liver and estimation of the enzyme 
activity of the liver cells of relatives would prob- 
ably afford more information. It would not be 
justifiable to carry out liver biopsies in healthy 
subjects and the galactose tolerance test remains, 
therefore, the best method of investigation of 
heredity at the present time. 

Clinical Picture. The disorder may present in 
one of three ways. In severe cases signs may ap- 
pear during the first two weeks of life. Vomiting 
is usually the first indication of any disturbance 
and this is followed by jaundice and loss of 
weight. The liver enlarges steadily and may 
descend. below the level of the umbilicus, ascites 
may develop and the spleen may often enlarge. 


* From the Departments of Child Health and Pathology, University of Manchester. 
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The infant is reluctant to feed and is lethargic: 
there is marked hypotonia with failure to thrive 
and the stools may be loose and frequent. 
Cataracts develop in more than half the cases 
and may appear as early as the third week. 

In a second group of cases the development of 


A. K. 7g-GALACTOSE (by mouth) 
32g. EXCRETED IN URINE 


= ~ 
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4 / / 
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Fic. 2. Curves of galactose tolerance test. (From Kown- 
ROWER, G. M., Scuwarz, V., Houzer, A. and Go_prerc, 
L.. A clinical and biological study of galactosaemia. Arch. 
Dis. Child., 31: 254, 1956.) 


symptoms and signs may be slow and, as a result, 
the infant is not brought forward for examination 
for several months. Difficulty with feeding, 
occasional vomiting and retarded development 
are the presenting symptoms and on examination 
hepatomegaly is found and often cataracts. The 
infant is not acutely ill. 

Finally, there are the mild cases which are 
usually found by chance when a case of galacto- 
semia has led to examination of the other mem- 
bers of the family. These subjects have never 
liked milk and frequently will give a history of 
early weaning: they are much healthier and 
happier when milk is omitted from their dict. 
They have an abnormal galactose tolerance 
without 2ny other clinical evidence of liver 
damage. 

Galactosuria and proteinuria are found in 
cases falling into the first two clinical groups, the 
galactose being readily demonstrated in the 
urine by paper chromatography [7,20,32|. These 
signs, however, may not be present in children 
diagnosed after the age of two years, when the 
normal diet contains appreciably smaller quanti- 
ties of milk. The diagnosis is confirmed by the 
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presence of an elevated level of galactose in the 
blood and by the grossly abnormal galactose 
tolerance test, which shows high levels of gal- 
actose for several hours; in addition, between 40 
per cent and 50 per cent of the ingested galactose 
can be recovered from the urine. (Fig. 2.) 

Depression of the blood glucose levels, 
which has been reported by several authors 
14,21,23-25), was noted in this investigation and 
on one occasion symptoms of pallor, sighing 
respirations and sweating were observed in rela- 
tion to a hypoglucosemia (18 mg. 100 ml.). For 
this reason it is suggested that the galactose 
tolerance test should be carried out only if it is 
difficult to establish a diagnosis without its 
assistance. The test will be essential, however, for 
the third clinical group as there is neither 
galactosuria nor proteinuria but only abnormal 
galactose tolerance in these cases. 

Proteinuria is mentioned in all the previously 
reported cases. In our experience the amount 
excreted is substantial, rising to more than 1 @m. 
per day. Electrophoresis of this protein has 
shown fractions corresponding to the normal 
range of serum proteins. Aminoaciduria was first 
described in 1952 |26)| and several workers have 
confirmed this observation {|20,24,27,28|. The 
galactosuria, proteinuria and aminoaciduria all 
disappear when lactose or galactose is removed 
from the diet. 

In untreated infants there is evidence of some 
disturbance of liver function: a rise of serum 
bilirubin and serum alkaline phosphatase and a 
prolongation of the prothrombin time. The 
figures in no measure compare with the ab- 
normality of galactose tolerance and usually 
return to normal when the milk or lactose- 
containing feeds are discontinued, although in 
cases in which treatment is appreciably delayed 
irreversible liver damage is sustained, with the 
ultimate development of a portal cirrhosis. 

Hyperchloremic acidosis has been noted by 
several authors in some untreated cases (vide 
infra); this condition also is corrected by adjust- 
ment of the diet. Finally the few serum potassium 
figures recorded are all on the low side (3.25 to 
4.0 mEq./L.) both in treated and untreated 
children. In one of our cases the potassium level 
dropped from 3.5 mEq. ‘L. to 2.8 mEq. /L. dur- 
ing ten days of galactose feeding. 

Treatment. The essentials of treatment are the 
rigid exclusion of all milk, lactose or galactose- 
containing substances from the diet and cor- 
rection of any dehydration or acidosis. The very 
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sick infant will certainly require intravenous or 
subcutaneous fluids at first, then clear fluids 
orally and finally the lactose-free diet. In- 
travenous Hartmann’s or Butler's solution mixed 
with equal parts of a 10 per cent dextrose solu- 
tion are suitable preparations as they would help 
to correct the hypoglucosemia, the acidosis and 
the lower serum potassium: either of these mix- 
tures could then be given orally for a short time. 

Most of the special milks prepared for these 
children do, in fact, include small quantities of 


lactose; and certain soya milk preparations, al- . 


though free from lactose, contain some poly- 
galactose and are therefore not suitable. For 
these reasons a lactose-free feed was introduced 
by Holzel et al. | 29). The feed is based upon a 
milk-free diet devised by Moll and Stransky and 
consists of e@@, sugar, margarine and rice flour. 
This is a high carbohydrate feed and may cause 
some gastrointestinal disturbance in very young 
infants. It is therefore important to commence 
with dilute feeds in order to prevent any vomit- 
ing or diarrhea and to increase the streneth and 
caloric value very slowly. As a result the initial 
weight gains are minimal! although the general 
condition of the child improves very quickly and 
the symptoms and signs regress. Abdec” (0.5 cc. 
daily) has been given to supply the necessary 
vitamins and also orange juice or rose-hip syrup: 
these fruit drinks will augment the potassium 
intake. It should be remembered that vitamin C 
and other tablets are often made up with lactose 
and care must be taken when their use ts indi- 
cated. In addition, cither calcium chloride or 
calcium e@luconate (0.75 @m. daily) should be 
given twice daily to supplement the low calcium 
content of the diet. It is advisable to proceed to 
mixed feeding as soon as the infant has become 
stabilized on the egg cereal mixture. 

This regimen should also be emploved for in- 
fants who do not present until they are several 
months old, as there is no evidence to suggest 
that they can tolerate lactose in their diet with- 
out suffering harm. 

This rigid exclusion of lactose from the dict 
should be maintained for three years when a 
small amount of milk or butter can be allowed 
in the cooking. We have not permitted cheese in 
the diet until the fourth vear and we do not 
propose to allow the consumption of any milk 
drinks or milk foods (for example, ice cream) 
while the children remain under our care. 

The clinically normal persons with abnormal 
galactose tolerance tests can be given milk in 
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small quantities without apparent harm but 
these subjects, even when adult, feel healthier 
when milk is removed from their diets. 

Prognosis. In all the discussions on galacto- 
semia the prognosis has been considered to be 
gloomy, first, in respect to early death | /3,75,37) 
and secondly because of certain complications 
such as cirrhosis of the liver, cataract and mental! 
deficiency | /3,30,37). 

In acute cases early diagnosis and adequate 
treatment will lessen the mortality rate and re- 
duce the chance of irreversible lenticular and 
liver damage. It is common experience to see 
cataracts disappear and liver function return to 
normal following the introduction of a lactose- 
free diet. 

The possibility of a genetic origin of the men- 
tal retardation, independent of the metabolic 
disorder, has been suggested |30|. There is no 
evidence, as yet, to support the conception of 
an inherited defect of mental development and 
we believe the view expressed by Townsend et al. 
“that mental retardation is a salient complica- 
tion of the disorder’’ may not be justified. We 
have personal experience with three children 
now aged six years, five vears and cight months, 
and three years, respectively, in whom the diag- 
nosis was made early and who show normal men- 
tal development. Persistent hypoglycemia has 
also been mentioned as a possible cause of men- 
tal retardation. This suggestion was first made 
by Mason and Turner {2/| but the serial blood 
glucose estimations [23,25] made in patients 
while on a milk diet do not show a marked 
hypoglycemia; also galactosemia differs in its 
clinical picture from hyperinsulinism and glyco- 
gen storage disease, disorders characterized by 
hypoglycemia. 

It should be emphasized here that most of the 
feeds, including nutramigen,” which have been 
given to many of the subjects described con- 
tained small amounts of lactose. This, over a 
long period of time, may have had a cumulative 
and therefore a deleterious effect upon cerebral 
development; in addition, in many cases there 
had been repeated defections from the diet. 
Maintenance of a lactose-free diet for at least 
three years has been emphasized and it is be- 
lieved that this has an important bearing on 
the prevention of mental retardation. 

The possibility of intrauterine damage has 
been brought forward by Lockhart and Roboz 
|32| who suggested that in certain cases persistent 
galactosemia developed in the mother during the 
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last weeks of pregnancy and as a result an ap- 
preciable amount of the galactose crossed the 
placenta into the infant’s circulation. In this 
way they tried to explain the early onset of 
severe symptoms in some of the children. In the 
case they described, galactosuria was detected in 
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Fic. 3. Blood and urine levels of galactose during a milk 
feeding observation. 


the infant after fiftv-two hours: lactose water 
had, however, been offered from the fourteenth 
hour and milk introduced at twenty-eight hours. 
Thus it is almost certain that the galactosuria in 
this case derived from the ingested lactose. One 
cannot, however, dismiss their suggestion as no 
studies have been made of the amniotic fluid of 
mothers who subsequently have given birth to 
galactosemic infants: neither have any deter- 
minations been made of galactose or galactose 
phosphate in red cells of the cord blood. (Vide 
infra.) Studies of this nature should be consid- 
ered as there are reports of a smaller number of 
infants who died in spite of early diagnosis and 
the removal of milk from the diet. In some cases 
it is apparent that small amounts of lactose were 
left in the diet, in others there may have been 
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a severe degree of acidosis and hypokalemia 
which was not recognized: but there is a small 
group left for which there is no satisfactory 
answer as vet. 

Biochemical Investigations. As the result of a 
detailed investigation of two cases of galacto- 
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galactose (bk. F.) and milk (A. K.). (From Kowrower, 
G. M., Scuwarz, V., A. and L. A 
clinical and biological study of galactosaemia. Arch. Drs. 
Child., 31: 254, 1956.) 


sacmia (patients now aged five vears and eight 
months and three years and two months) it was 
possible to amplify some of the clinical observa- 
tions mentioned earlier. 

Galactose was not observed either in the blood 
or the urine when the children were on galactose- 
free diets but an appreciable quantity of blood 
galactose was detected after twenty-four hours 
of milk feeding and the level continued to rise 
throughout the eight days of the observation. 
Once the milk feeding was stopped, the blood 
levels dropped rapidly and were zero twenty- 
four hours after the milk diet had ceased. 
(Fig. 3.) 

The galactosuria increased steadily until the 
end of the milk or galactose feeding, whereafter 
there was a rapid fall in the amount of sugar in 
the urine. In one case no galactose was found in 
the urine during the second day following the 
test period. 

Proteinuria appeared after forty-eight hours of 
milk or galactose feeding and increased steadily 
until the end of the regimen. The proteinuria 
diminished rapidly following the cessation of 
milk feeding and disappeared after five or six 
days. (Fig. 4.) 

The aminoaciduria came and went in a similar 
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manner; there was a sudden increase on the 
fifth or sixth day in the number of amino acids 
present, with a steady rise of the urine amino- 
nitrogen level as the feeding continued. The 
aminoaciduria declined quickly once the milk 
feeding was stopped and returned to normal 
after seven to ten days. (Fig. 5.) 
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hia. 5. Urine aminonitrogen levels during feeding obser- 
vations with galactose (E. F.) and milk (A. K.). (From 
Kommowrr, G. M.. Scnwarz, V.. Houzer, A. and 
Gotpeersc, L. A clinical and biological study of ealacto- 
saemia. Arch. Dis. Child., 31: 254, 1956.) 
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The aminoacid chromatogram showed a 
relatively large increase in the aminoacids 
serine, glycine, alanine, threonine, glutamine 
and valine, with a lesser increase of lysine, 
cystine, tvrosine and glutamic acid. (Fig. 6.) 

The renal origin of this aminoaciduria was 
first suggested by Komrower | 33), as the plasma 
a-aminonitrogen levels were not raised during 
feeding experiments. This suggestion was sub- 
stantiated by Cusworth, Dent and Flynn | 27! 
who carried out a-aminonitrogen clearances and 
showed a marked rise in clearance while simul- 
taneous urea Clearances remained normal. They 
reported a slow rise of plasma a-aminonitrogen, 
although the level never exceeded normal! limits. 
This too was the experience of Hsia and his 
colleagues | 28). 

An acidosis was noted among the results of 
routine investigations but its presence was first 
commented upon by Arthurton and Meade |37/) 
who suggested that it might be of renal origin. 
Berger | /8| described an hyperchloremic acidosis 
associated with nephrolithiasis in an infant 
suffering from galactosemia and suggested that 
it was similar to the “syndrome of Lightwood- 
Albright.” 

An acidosis was first noted in the elder child 
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investigated by the authors when she was twelve 
months of age and a similar state was observed 
in the vounger child when she was three months 
old. The blood bicarbonate level returned to 
normal in each case when a milk-free diet was 
resumed. (Table 1.) It was not possible to repro- 
duce the acidosis in cither child during subse- 


Fic. 6. Urine aminoacid chromatogram in an untreated 
case of walactosaemia. (The urine has been oxidized to 
convert cystine and methionine to cysteic acid and 
methionine sulphone respectively.) Identification of the 
spots: 1. Cysteic acid. 3. Glutamic acid. 4. Serine. 
5. Glycine. 6. Threonine. 7. Alanine. 9%. Tyrosine. 
10. Phenylalanine. 11. Leucine. 12. Valine. 13. Alpha- 
amino-n-butyric acid. 14. Methionine sulphone. 15. 
Histidine. 16. Citrulline. 17. Beta-amino-isobutyric acid. 
18. Methylthistidine. 19. Lysine. The amino acid spots 
are drawn in the form of circles, the relative sizes of the 
circles giving some indication of the intensity of ninhydrin 
color and hence of the quantity of each amino acid. The 
urine has been applied at the right hand bottom corner. 
Phenol has been run as first solvent from right to left fol- 
lowed by collidine in an upward direction. (From Kom- 
rower, G. M., Scrwarz, V., Hotzer, A. and Gorp- 
serc, L. A clinical and biological study of galactosaemia. 
Arch. Dis. Child., 31: 254, 1956.) 


quent milk feeding trials hence its exact nature 
could not be established. There was, however, 
some suggestion from the results that the acidosis 
could well be of renal origin as there was an 
increase of serum chloride, a diminished urine 
titratable acidity and ammonia content with 
an increased urine bicarbonate. (Table u.) 
Their urine became acid whether or not milk 
was included in the diet. (Fig. 7.) 

The three reversible phenomena just de- 
scribed were the result of temporary renal 
disturbance. What is the agent responsible 
for this upset? Many authors [| 9,73,23,24,28,35,37 | 
have suggested that galactose itself is toxic and 
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that its accumulation in the tissues would inter- 
fere with their normal function. It is difficult to 
verify this in the human subject, as it has been 
impossible to produce high blood levels of galac- 
tose, comparable with those in galactosemia, by 
feeding the sugar to normal! adults or near nor- 
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Fic. 7. Acidification of the urine: E. F. (solid line): A. on 
galactose: B. off galactose: A. K. (broken line). on milk. 


mal infants. (Personal observations.) On the 
other hand, galactose feeding does produce 
cataracts in young rats | 36,38] and fits in young 
chicks |39,40|. The fits, however, have been 
shown to be independent of the minor degree 
of hypoglycemia observed in galactose-fed 
birds | 47). 

Emphasis has been placed earlier upon the 
rapid appearance of galactose in the blood and 
urine when milk feeding was commenced and 
the equally speedy disappearance of the sugar 
from these fluids when the feeding ceased. It was 
noted, too, that there was some considerable 
delay in the appearance and disappearance of 
the proteinuria and aminoaciduria. 

These urinary findings have been variously 
explained on the basis of (1) competition for 
reabsorption in the kidney tubule between 
galactose and amino acids | 26,33), and (2) the 
toxic effect of galactose on the tubule cells 
24,28|. High concentrations of urinary galactose 
have been noted within twenty-four hours of the 
start of milk feeding and one would expect 
any competition between galactose and the 
amino acids to be manifest immediately. Yet 
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there is no significant increase in the excretion 
of aminonitrogen until the fifth or sixth day. In 
like manner the galactosuria disappears twenty- 
four hours after the cessation of feeding but the 
increased aminoaciduria persists for many days. 

A similar criticism can be advanced against 


1 
PLASMA © COMBINING POWER ON MILK-FPREP AND MILK OR 
{ALAC TORN? 


Plasma 
Date C0), 
Diet of (Combining Urine 
Test Power pH 
(mEq./L.) 
Case E. F. 
(;alactose 20 em. 
daily 
After 10 davs lune 27 11 6 
After 11 davs June 28 i2 9 6 2 
Milk- and galactose- 
free dictfor month August 21.0 6 6 
Case A. 
Milk- and walactose- 
free diet for 6 weeks March 10 2k ‘, 42 
Milk diet for 8 davs April 6 11.5 7 oO 
Milk- and galactose- 
free diet for 20 days April 2° 22.3 5.63 


From Komrower, G. M.. V.. Houzer. A. 
and Gotperrs, L. A clinical and biological study of 
galactosaemia. Arch. Dis. Child. 31: 254, 1956. 
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SFRU™M AND URINE FINDINGS IN A CAL AC TORE 
FT PFDING ORSERVATION 


No Daye 10 Daye 
(sala tose tomer (palace tone 
Serum Cl (mEq. L.) 
COrcomtnning power 
(mEq. L.) 24 22.3 
ammonia (mEq 
24 hr.) 2% 
Titratable acidity (Folin) 
(mEq ./24 br.) 245 
NaHCO, (mEq. 24 br.) 2 2.47 7.4 
Volume (ml) per day 200 445 


From Komnowre, G. M., Scuwaanz, V.. Howzer, A. and 
L.. A clinical and biological study of galactosacmia. Arch. Dis. Child. 
31: 254, 1956 


the toxic action of galactose in view of the likeli- 
hood of early equilibration between blood and 
tissue galactose |42)|. It therefore seemed neces- 
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sary to seek a further explanation of this disturb- 
ance of cell metabolism. 

At least three distinct steps, each catalyzed 
by a separate enzyme, are required to enable 
galactose to enter the main stream of carbo- 
hydrate metabolism: 


Galactose + ATP — Gal-1-P + ADP 
(Reaction A) 


This first reaction is catalyzed by the enzyme 
galactokinase {43}. The galactose-1-phosphate 
(Gal-1-P) so formed is converted into glucose-1- 
phosphate (G-1-P) by an enzymic mechanism 
involving uridine diphosphate glucose (UDPG) 
as co-enzyme, uridine diphosphate galactose 
(UDPGal) being an intermediate | 44). 


Gal-1-P + UDPG -—- G-1-P + UDPGal 
(Reaction B) 


UDPGal — UDPG (Reaction C) 
Reaction C was shown to be catalyzed by the 
enzyme galactowaldenase |45).* More recently 
Kalckar and his colleagues have identified the 
enzyme catalyzing reaction B and named 
it phospho-galactose-uridyl-transferase (P-Gal- 
transferase) |/9). The G-1-P formed from 
Gal-1-P in reaction B is converted cither into 
glycogen by means of phosphorylase or into 
G-6-P by means of phospho-glucomutase. 

Since most of the ingested galactose is nor- 
mally metabolized in the liver, the main bio- 
chemical lesion must lie in that organ. There is 
evidence, however, that most, if not all, normal 
tissues can effect the galactose-glucose trans- 
formation to some degree, although this ability 
may only be of qualitative significance. While 
liver would be the most obvious tissue to use for 
the study of the biochemical defect, it is unsuit- 
able on practical grounds and as the abnormal 
gene responsible for galactosemia is present in 
every cell of the fully developed organism, other 
more accessible tissues could lend themselves 
to close biochemical study. 

The presence of the hereditary deficiency in 
the ervthrocytes was first demonstrated in 1955 
|46)|. was shown that galactose is phosphoryl- 
ated normally in the galactosemic red cells and 

* Recently named UDPGal-4-epimerase. (KALCKAR, 
H. M., Maxwets, E. S. Some considerations concerning 


the nature of the enzymic galactose-glucose conversion. 
Biochem. et Biophys. Acta, 22: p. 588, 1956.) 
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that Gal-1-P accumulates, thus indicating the 
subsequent conversion into G-1-P as the site 
of the metabolic block. This observation was 
later confirmed and extended by Kalckar and 
co-workers |/9| who established that galacto- 
semic erythrocytes contain little or no P-galac- 


Taste m 
RESPIRATION AND PHOSPHATES OF GALACTOSEMIC 
ERYTHROCYTES BEFORE AND AFTER ADDING 


GALACTOSE 

Oxygen Erythrocyte Phosphate 

ptake in Fractions 
Presence of (omg. 100 ml. cells) 
Methylene 

Blue 

(pl. Oo he 

10" cells) Gal-l-P Inorg. P Ester P 


Betore adding galactose 119 4+ 40 <2 6% 44 
After adding galactose 4.421.9 7 | 2.8 


3 


From Scwwaaz, V. A biochemical study of galactosaemia and of the 
toxseity of galactose. Thesis presented for pu.o. Manchester, 1956. 


tose-uridyl transferase, while the other enzymes 
concerned with galactose metabolism are pres- 
ent in normal amounts [47]. Recently these 
workers were able to confirm that deficiency 


of the same enzyme accounts for the impaired 


function of the galactosemic liver [48]. It seems 
to be established, therefore, that the gene or 
genes responsible for galactosemia control the 
synthesis of P-galactose-uridyl-transferase in the 
cells. 

However, the congenital deficiency of this 
enzyme does not, in itself, account for the 
galactosemic syndrome, since the signs and 
symptoms of the disease become apparent only 
when galactose is ingested in the diet. These 
signs, that is the disturbance of liver, kidney, 
brain and lens function, must result from the 
“toxic” effect of galactose, or a metabolite of 
galactose, on cellular metabolism. 

The respiration of erythrocytes (in the pres- 
ence of methylene blue) taken from galacto- 
semic infants before and after a period of galac- 
tose feeding was compared. It was found [49] 
that after exposure of the cells to the circulating 
galactose their oxygen uptake was 20 to 30 per 
cent lower than before such exposure. Con- 
comitant with this reduction in respiratory 
activity was a marked fall in the intracellular 
inorganic P and ester P, the latter in spite of the 
accumulation of considerable amounts of Gal- 
1-P. (Table m1.) 

Similar observations were made when galacto- 
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semic erythrocytes were incubated with galac- 
tose in vitro. On the other hand, when normal! 
erythrocytes were incubated with galactose their 
respiration was either not affected or actually 
increased, while their ester P rose. 

It can be inferred from these observations that 
galactose itself is not toxic and that the toxic 
principle arises only in galactosemic cells as a 
result of their peculiar enzyme deficiency. Thus 
it may well be the accumulation of Gal-1-P, or a 
disturbance of the normal cellular milieu arising 
therefrom, which is responsible for the partial 
inhibition of cell metabolism. 

It seems likely that a parallel accumulation of 
Gal-1-P may take place in all or most tissues, 
and that a partial inhibition of carbohydrate 
metabolism of these tissues, with consequent 
disturbance of their function, may ensue. This 
would account for the observed dysfunction 
of the kidney, liver, brain and lens, and would, 
moreover, offer a reasonable explanation for the 
delay in the appearance and disappearance of 
proteinuria and aminoaciduria. [These aberra- 
tions would not become manifest until a critical 
concentration of the “inhibitor” been 
built up, and would not disappear until the 
inhibitor had been removed. 

Although some of the problems associated 
with this disorder have been clarified during the 
past few years there are several important ques- 
tions still to be answered. We have indicated that 
further information is required before the mode 
of inheritance can be finally confirmed and it has 
been suggested that the ultimate prognosis will 
be given only when carefully treated subjects 
have been followed up for several vears. 

The different clinical patterns of the disease 
that have been described have suggested that the 
metabolic block is not complete and estimations 
of galactose intake and output have indicated 
that some galactose must be metabolized in the 
individual concerned. Recently Anderson et 
al. |52| have shown that the failure to metab- 
olize galactose in galactosemia is not complete 
and that the galactosemic subject retains about 
2 to 3 per cent of the capacity of a normal 
person to metabolize the hexose. 

It is possible that the enzyme deficiency may 
vary slightly from one affected subject to an- 
other. Further, there may be limited capacity 
to metabolize galactose by an alternative, al- 
though closely related, pathway |48}. In addi- 
tion, the variation between subjects in the rate of 
organ maturation may determine to what ex- 


tent a particular organ is affected and, finally, 
the difference in the amounts of lactose con- 
sumed in infants would have a bearing on the 
severity of the symptoms. 

It is now known that the exclusion of galactose 
from the diet will produce a reversal and, often, 
complete clearance of all symptoms, with 
restoration of normal health. Will this removal 
of galactose give rise to another disease process? 
Platt |50|, in another context, has suggested that 
infants fed on cow’s milk (containing smaller 
amounts of lactose than human milk) may have 
insufficient galactose available for the synthesis 
of cerebrosides. This might well render them 
more prone to have demyelinating conditions of 
the central nervous system develop later in life. 

It is not possible to refute this argument (there 
appears to be a correlation between the lactose 
content of the milk and the galactose content of 
the cerebrosides of different species |5/|) but it 
would seem likely that the galactose required 
for the synthesis of cerebrosides and, indeed, of 
many other tissue components, is made im situ 
from glucose. The galactose would be incor- 
porated into these compounds through the inter- 
mediation of UDPGal and galactowaldenase 
alone is necessary for this synthesis from glucose. 

The question as to whether or not dietary 
galactose plays a quantitatively significant part 
in the synthesis of galactolipids is one which can- 
not yet be answered. It raises, the wider problem 
of the full significance of lactose in the nourish- 
ment of the voung mammal. 
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Sporadic or Non-Endemic Familial 


Cretinism with Goiter 


Joun B. STANBURY. M.D. and Epwarp M. McGirr. M.B.. M.R.C.P. 


Boston, Massachusetts 


RETINISM is the state characterized by re- 
6 tarded physical and mental development 
which is due to functional failure of the thyroid 
gland during fetal life or during the period of 
early postnatal growth. It occurs most frequently 
in regions of endemic goiter in the offspring 
of goitrous parents. So-called endemic cretinism 
is thought to be due to a deficiency of iodine 
during critical phases of early development, and 
it is almost invariably associated with goiter. 
In regions where dietary iodine is abundant 
cretinism occurs sporadically. The common 
type of sporadic or non-endemic cretinism is due 
to failure of the thyroid gland to undergo proper 
development, and thyroid tissue is absent or 
rudimentary. A goiter is present in an occasional! 
case of sporadic cretinism because of the action 
in utero or after birth of a goitrogenic substance 
such as thiouracil or cobalt. 

Cretins with large goiters are rarely found 
where there appears to be no possibility of 
deficieney of iodine or of the ingestion of goitro- 
gens. Such cases have usually been familial. 
Studies with radioactive iodine (1-131) have 
greatly furthered our understanding of their 
pathogenesis. These studies have disclosed that 
the glands of these patients may be unusually 
avid for iodine, although other laboratory data 
may indicate little if any production of effective 
thyroid hormone. The findings in different 
groups of familial goitrous cretins suggest that 
their cretinism and goiters are due to defects in 
the synthesis of the thyroid hormones. Indeed, it 
is now possible to attribute the hypothyroidism 
and thyroid enlargement in some of these 
cretins to one of several specific and demonstra- 
ble biochemical abnormalities which have been 
detected at different steps in the synthesis of the 
thyroid hormones. There also is evidence from 


genetic studies that these biochemical lesions 
may be genetically determined. 

The cases of sporadic goitrous cretinism which 
appeared in the literature before 1956 have 
recently been reviewed in detail by Lelong et al. 
J). It is our purpose to present the evidence 
for the various biochemical abnormalities so far 
defined and to consider the suggestion that these 
biochemical abnormalities are genetically deter- 
mined. To make the subsequent account more 
easily understood by the general reader there is a 
preliminary summary of the general scheme of 
iodine metabolism. 


PATHWAYS OF IODINE METABOLISM 


The principal metabolic pathways of iodine 
are now reasonably well formulated. These are 
illustrated in the accompanying diagram. (Fig. 
1.) lodide and most forms of iodine are absorbed 
through the gastrointestinal tract as inorganic 
iodide and rapidly distributed throughout the 
extracellular fluid compartment of the body. 
lodinated tyrosines and thyronines may be ab- 
sorbed intact. The kidney and the thyroid re- 
move iodide from the plasma. The relationship 
between the thyroid and renal iodide clearance 
rates, as measured with labeled iodide, deter- 
mines the result of the familiar uptake test of 
thyroid function. Plasma iodide is trapped 
initially in dialyzable form in the thyroid. A 
concentration ratio is achieved between thyroid 
and plasma which may vary from twenty to one 
in the resting gland to several hundred to one 
in the hyperplastic gland. Nonetheless, the 
thyroid iodide is in free exchange with the iodide 
of the plasma. The mechanism of iodide trap- 
ping is obscure. The process is oxygen-depend- 
ent | 2] and is doubtless enzymatically controlled, 
like all other biochemical processes in the thyroid. 


* From the Department of Medicine of the Harvard Medical School, the Medical Services of the Massachusetts 
General Hospital, Boston, Massachusetts, and the University Department of Medicine, Royal Infirmary, Glasgow, 


Scotland. 


AMERICAN JOURNAL OF MEDICINE 


712 


Sporadic or Non-Endemic Familial Cretinism with Goiter—Stanbury, MeGur = 713 


PLASMA THYROID 
coc THIOUREA 
scr SULFONAMIDES 
OXIDATIVE 
ENZYME 
THYROID 
PROTEASE + 
OE /OOINASE 
PLASMA PROTEIN | THYROGLOBULIN | Ter THYROGLOBULIN | 
I" THYRORINE THIOUREA ANO 
THYROXINE THYROXINE SULFONAMIDES ON YROSINE 


Fic. 1. The principal metabolic pathways of iodine. The open arrows pointing 
upward indicate stimulation and those pointing downward indicate inhibition. 


The magnitude of the thyroid-to-plasma iodide 
ratio is governed by the thyrotropic hormone 
of the anterior pituitary, but the ratio is also 
dependent upon the quantity of stored iodine 
within the thyroid gland itself. Trapping of 
iodide is inhibited by a variety of anions such as 
thiocvanate and perchlorate. If these substances 
are given after trapping of iodide has occurred, 
the iodide is rapidly discharged from the gland. 
lodine which has been formed into iodinated 
tyrosines or thvronines is not discharged in this 
way. 

The trapped iodide is oxidized to clemental 
or free iodine. The oxidizing enzyme which is 
responsible for the process has not yet been 
identified with certainty, but there is evidence 
that a peroxidase is involved in the removal of an 
electron from iodide |3|. The oxidation of iodide 
is inhibited by drugs containing the thiocar- 
bamide group, for example, thiouracil, and by 
many related substances. In this way they pro- 
duce their well known therapeutic effect. By 
preventing the further metabolism of iodine, 
these drugs enable one to observe and study the 


process of iodide trapping. 
The iodine liberated by oxidation of iodide 
reacts almost instantaneously with tyrosyl 


residues, which are probably in peptide linkage, 
way, 1957 


to form monoiodotyrosine and diiodotyrosine. 
Studies of the rate of incorporation of I-131 into 
the various amino acids found in the thyroid 
gland have confirmed the sequential build-up 
of monoiodotyrosine, diiodotyrosine and thy- 
roxine; higher specific activities are found earlier 
in monoiodotyrosine than in diiodotvrosine and 
in diiodotyrosine than in thyroxine [4,5]. A 
tvrosine iodinase, which has been described by 
Fawcett and Kirkwood [6), may accelerate the 
iodination of tyrosine. The site of this organic 
binding is uncertain. It appears that intact cells 
are required for the efficient iodination of thyro- 
globulin, but it is not clear whether the iodina- 
tion occurs within the cells (and the iodinated 
protein is then secreted as such into the colloid) 
or whether it occurs in the colloid at the cell 
surface. 

lodinated tyrosyl residues may be stored as 
such in the thyroglobulin of the colloid or they 
may condense to form iodinated thyronines, of 
which thyroxine and triiodothyronine are the 
best known [7,8,9|. The available evidence favors 
the hypothesis that the condensation reaction 
for thyroxine involves coupling of two molecules 
of diiodotyrosine and extrusion of an alanine 
group. Whatever the mechanism, undoubtedly 
it is enzymatically controlled. It may require 
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the presence of free iodine within the gland. The 
demonstration by Pitt-Rivers that antithyroid 
drugs related to thiourea inhibit the im vitro 
coupling of acetvyidiiodotyrosine suggests that 
these drugs may inhibit coupling in vive | 70). No 
good explanation of the nature of the coupling 
reaction has been forthcoming since it was first 
suggested by Harington and Barger |//|. 

Even more uncertainty appertains to the 
mechanism and site of the synthesis of tri- 
iodothyronine. Of the possible mechanisms 
Roche and Michel |/2] favor either the con- 
densation of one molecule of monoiodotvrosine 
with one molecule of diiodotyrosine, or the 
partial deiodination of thyroxine. The relative 
importance of the thyroid gland and the tissues 
as the site of the deiodination of thyroxine to 
truodothyronine also awaits clarification. 

The iodinated thyronines may be secreted di- 
rectly into the blood, but for the most part are 
stored away in the thyroid colloid as thyroglobu- 
lin. Thyroglobulin is slowly broken down by 
proteases and peptidases, and thyroxine and 
triiodothyronine are released for transfer across 
the epithelial cells to the blood directly or 
through the lymphatics In the process of 
thyroglobulin degradation, mono- and di- 
iodotyrosine are also released, but their iodine 
is rapidly recovered for reutilization by enzy- 
matic deiodination |74|. If by chance mono- or 
diiodotyrosine should escape into the peripheral! 
blood, it is likely to be rapidly degraded to iodine 
in many tissues | /35—/7}. 

Thyroxine in plasma is bound to a protein 
which has an electrophoretic mobility close to 
a2-globulin. A small fraction is also associated 
with albumin. Triiodothyronine is similarly 
but more loosely bound in the plasma, and is 
also found in association with other proteins. 
These hormones impinge upon the peripheral! 
cells where they produce their characteristic 
stimulation of the metabolic rate and are in turn 
degraded to release iodide back to the plasma for 
re-entry into the iodide pool. 

Metabolic pathways of uncertain significance 
have not been shown in Figure 1. There is an 
appreciable secretion of iodide into the saliva, 
bile, and into the gastric juice. Glucuronides of 
thyroxine and triiodothyronine are formed and 
secreted into the bile by the liver [78,79]. It has 
also been shown that the acetic acid derivatives 
of thyroxine and triiodothyronine are formed by 
the kidney and brain [20]. The studies of Roche 
et al. [2/| indicate that there are two major 


metabolic pathways for thyroxine and tri- 
iodothyronine. One of these is sequential de- 
iodination, and the other, oxidation of the 
alanine side chain through the pyruvate to the 
acetic acid analogues. A detailed analysis of 
iodine metabolism has been given by Riggs | 22! 
and more recently a review by Berson has ap- 
peared in this journal | 23). 


TYPES OF CRETINISM DUE TO METABOLIC ERRORS 


If, as has been indicated, the sequential steps 
in the synthesis of thyroid hormones are enzy- 
matically controlled, one might expect that 
cretinism with goiter could result from primary 
failure at any one of these essential steps. Three 
tvpes of familial non-endemic cretinism with 
goiter have been described in which the defect 
has been more or less defined. In one type, the 
defect is a failure to utilize trapped iodide. In the 
second, mono- and diiodotyrosine residues are 
not coupled with sufficient speed to insure an 
adequate supply of thyroid hormones. Subjects 
in a third group are unable to conserve iodine by 
deiodination of mono- and diiodotyrosine. These 
types will now be described in detail. Other 
groups with other metabolic errors doubtless 
await definition. 

Cretinism from Failure of Organic lodine to Form. 
In 1949 a sixteen year old girl was seen by one of 
us at the Thyroid Clinic, Massachusetts General 
Hospital, Boston, because of difficulty in breath- 
ing [24|. She was one of seven siblings, four of 
whom, including the patient, were goitrous 
cretins. The oldest cretin had had a thyroid- 
ectomy in 1942 for tracheal compression, and 
had a recurrence of thyroid enlargement which 
required a second thyroidectomy in 1956.* The 
parents were reputed to be half American and 
half Indian and were first cousins on the Indian 
side of the family. 

The patient’s development had been normal 
for a period of six months. Thereafter it had been 
retarded. Thyroid medication had been admin- 
istered irregularly since the age of two. At about 
the age of seven, a mass had been noticed in the 
neck. This mass had slowly increased in size. 

She was dwarfed and_ grossly retarded 
mentally. She was unable to walk and could 
utter only a few gutteral sounds. Bone age by 
Todd standards was thirteen years and nine 


*Mono- and diiodotyrosine deshalogenase activity 
was demonstrated in thyroid tissue received at the time 
of the second thyroidectomy. 
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Fic. 2. The uptake and release of radioactive iodine in the thyroid gland of a pa- 
tient with cretinism and goiter. The upper curve was recorded over the thyroid 
gland and the lower curve over the mid-back. At the arrow two gm. of potassium 
thiocyanate were administered orally. (Reprinted by permission of the J. Clin. 


Endocrin. & Metab., 10: 1471, 1950.) 


months. She presented the classic features of 
cretinism, details of which have already been 
published |27|. In addition, there was a very 
large nodular goiter, over which a bruit and 
thrill were preseni. 

The concentration of the protein-bound iodine 
in the serum was 1.0 wg. per 100 ml. Microscopi- 
cally, the gland, which was removed at opera- 
tion, revealed intense hyperplasia in most areas, 
although some areas showed atrophy and 
replacement fibrosis. Only minute amounts of 
iodine were detected chemically in the gland. 

When labeled iodine was given orally a large 
fraction of it accumulated with remarkable 
rapidity in the thyroid. Maximal values were 
observed in the gland within two hours. (Fig. 2.) 
When the accumulation had reached a plateau 
the patient was given an oral dose of 2.0 gm. of 
potassium thiocyanate. Immediately there was a 
striking and rapid disappearance of the labeled 
iodine from the gland. Only a small fraction of 
the accumulated iodine remained. Control 
studies were made on one of the normal sisters. 
The labeled iodine accumulated in her gland at 


MAY 1957 


a normal rate, and it was not discharged upon 
the administration of thiocyanate. 

During subsequent months, two of the goitrous 
and cretinous brothers of this patient were 
available for similar studies. One, twenty-three 
vears old, had a thyroid gland which weighed 
497 gm. when removed. The other brother was 
thirteen years old; his thyroid gland was esti- 
mated to be three times the normal size. In both 
subjects, labeled iodine accumulated rapidly in 
the gland, and oral administration of potassium 
thiocyanate caused its precipitous discharge. 

Four years later the youngest of these patients 
was studied again | 25]. In the intervening time 
the thyroid had considerably increased in size. 
Gland growth could not be prevented by ad- 
ministration of desiccated thyroid because ade- 
quate dosage made the patient a difficult be- 
havior problem. 

Detailed observations were made of the be- 
havior of the labeled iodine after 1-131 ad- 
ministration. The metabolism of iodine appeared 
to be identical with that in patients receiving 
full doses of the antithyroid drugs of the thio- 


8000 
| “eon 
6000 
RORERT 
2000 


716 Sporadic or Non-Endemic Familial Cretinism with Goiter—Stanbury, McGurr 


carbamide group. Since these drugs exert their 
antithyroid effect by inhibiting the transfer of 
iodide to tyrosyl residues through an enzy- 
matically controlled oxidative step, it seems 
reasonable to suppose that the capacity to per- 
form the oxidative step was lacking in these 
patients. Thus the glands contained iodide and 
indeed exhibited a strong avidity for iodide but 
no incorporation into the organic form could 
occur. The result of this defect at the early stage 
of hormone synthesis was a condition of complete 
thyroid deficiency. The huge goiters and the 
intense cellular hypertrophy and hyperplasia 
were viewed as compensatory phenomena. 

Confirmation of the hypothesis regarding the 
metabolic defect was obtained by direct analysis 
of thyroid tissue. No iodinated compounds could 
be detected by methods such as chromatography 
which easily demonstrated them in normal or 
hyperplastic glands. 

Patients demonstrating this particular defect 
in hormone synthesis are rare. Only one patient 
with a similar defect has been encountered by 
one of the authors [26]. A family of similar 
goitrous cretins has been studied by Schultz | 27), 
and isolated cases have been reported by Lelong 
et al. [7] and by Rall [28]. 

Cretinism Arising from Failure of Lodotyrosines to 
Couple. In 1954 a twenty-five year old woman 
was studied | 25|. Both she and her sister, who also 
had retarded development and goiter, had first 
been seen and studied fourteen years earlier in 
the Thyroid Clinic, Massachusetts General 
Hospital, Boston. Their parents were not related. 
In spite of thyroid medication their thyroid 
glands had continued to enlarge. The thyroid of 
the elder had eventually been removed because 
of pressure symptoms; its histologic pattern was 
of intense cellular hyperplasia. On several 
occasions normal daily excretion of I-127 had 
been demonstrated and extremely high thyroid 
uptake of I-131 had been observed in both. 

The patient showed residual stigmas of cretin- 
ism. She was physically stunted, with dispro- 
portionately short extremities, and was mentally 
backward. Her thyroid was considerably en- 
larged and was multinodular. The skin and hair 
were coarse and dry. The serum concentration 
of protein-bound iodine was 6.2 and 5.4 ug. 
per 100 ml. on successive determinations. Three 
and one-half years previously it had been 3.5 ye. 
and more recently 5.3 we. The basal metabolic 
rate had been in the normal range and had con- 
tinued so. 


Detailed observations were made of the 
kinetics of iodine metabolism after 1-131 admin- 
istration. From measurements of the rate of 
disappearance of labeled iodine from the gland 
and the urinary content of labeled and stable 
iodine before and during the administration of 
methimazole* (1-methyl-2-mercaptoimidazole), 
a drug which blocks the incorporation of iodide 
into organic compounds, it was possible to 
calculate the rate at which stable iodine was 
leaving the gland. [This proved to be greater 
than could have been possible if the secretion 
product had been exclusively triiodothyronine or 
thyroxine, else the patient would have been 
thyrotoxic. Also, when the amount of “hor- 
mone” leaving the gland was calculated from 
mean values for urinary excretion of stable 
iodine and uptake of labeled iodine, it was found 
that more than | mg. of iodine was secreted 
daily. This is at least five times the normal value. 
It could only be assumed that a large amount of 
iodide or a rapidly degraded iodinated product 
was leaving the gland. Chromatographic study 
of the serum disclosed normal amounts of tri- 
iodothyronine and thyroxine in the blood, but 
when the entire gland was available for analysis 
four days after a large dose of 1-131 only a trace 
of thyroxine could be identified after exhaustive 
chemical analysis. Iodine in the gland was almost 
entirely present as mono- and diiodotyrosine. 

It is possible to formulate an hypothesis for the 
metabolism of iodine in this gland as follows: The 
primary failure was in the enzymatic coupling 
of iodotyrosines. Compensatory hyperplasia 
produced an intensely stimulated gland with a 
high avidity for iodide and rapid formation of 
iodotyrosines. These were produced in such large 
amounts that a small amount of iodinated thy- 
ronines was produced non-enzymatically. Dur- 
ing the period of active growth the amount of 
hormone so produced did not meet the metabolic 
needs of the growing child so that physical stunt- 
ing and mental backwardness resulted. Later, 
with growth of the gland, the amount produced 
was probably adequate. The intensely active 
gland mobilized and deiodinated iodotyrosines, 
releasing iodide for renal excretion and for 
reutilization by the synthetic processes of the 
gland. When reutilization of iodide was inhibited 
with methimazole, iodide was lost in increased 
amounts from the gland and appeared in the 
urine. 

Direct proof of the failure of enzymatic cou- 
pling in this patient or in others is lacking. 
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Indeed, the presence of such an enzyme as part of 
the normal machinery of the thyroid cell has 
yet to be convincingly demonstrated, but it 
almost certainly exists. 

It may be that among sporadic goitrous cretins 
the type of defect illustrated by this patient is 
frequent, but the difficulty of direct proof is a 
handicap in diagnosis. Using a somewhat differ- 
ent approach, Werner, Kassenaar and Bloch 
'29) have offered evidence that the metabolic 
defect in a four year old goitrous patient with a 
high thyroidal uptake of I-131 was failure of 
adequate coupling of iodotyrosy! residues. 

Cretinism Resulting from Failure of Iodotyrosines 
to Deiodinate. During the period 1951 to 1953, a 
number of patients were observed at the Royal 
Hospital for Sick Children and the Royal In- 
firmary in Glasgow, Scotland, who were hypo- 
thyroid or cretinous and who had goiters which 
had a high avidity for iodide |30|. The uptake of 
1-131 was complete after only a few hours, and 
measurements at twenty-four hours or later 
showed that a large fraction of the accumulated 
labeled iodine had already left the gland. Chro- 
matographic analysis of the serum of one of these 
patients, who was a member of a group of itiner- 
ant tinkers in whom goitrous cretinism was 
known to be common (vide infra), failed to dis- 
close thyroxine, but the presence of a butanol 
extractable compound was detected. Although 
it was not identified at this time the possibility 
that it was diiodotyrosine was entertained. 

In 1955 a twenty-seven year old man entered 
the ward of the Academisch Ziekenhuis, Leiden, 
because of an enlarging goiter and symptoms of 
tracheal obstruction {3/7}. Enlargement of the 
thyroid had been noticed at birth. Thyroid 
medication was omitted four years prior to 
entry into the hospital. The goiter had relent- 
lessly increased in size. Early development was 
said to have been slow but the patient achieved 
normal stature and mentality. His parents were 
unrelated. He had a normal older brother. A 
younger brother, who had a goiter at birth and 
who was severely retarded both physically and 
mentally, was also subsequently available for 
study. | 

The patient was a tall balding man who was 
slow of speech and movement. The skin was pale 
and cool. The thyroid was multinodular and 
several times the normal size. Routine examina- 
tions of blood and urine were normal except for a 
mild anemia. A determination of the basal 
metabolic rate was minus 29 per cent. The serum 
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cholesterol concentration was 380 mg. per 100 
ml., and protein-bound iodine concentration was 
0.5 wg. per 100 ml. 

When an oral dose of I-131 was given the 
labeled iodine was found to accumulate rapidly 
in the thyroid; within seventy minutes 74 per 
cent was in the gland. There was a rapid decline 
in the blood concentration of labeled iodine but 
after seventy minutes the labeled iodine began to 
leave the thyroid and to appear in the blood as 
a component which was partially precipitable 
with trichloracetic acid. By forty-eight hours 
only 25 per cent of the administered dose re- 
mained in the gland, and a serum concentration 
of protein-bound I-131 of approximately 0.5 per 
cent per liter had been reached. Subsequently, 
the values of labeled iodine in the serum and in 
the gland slowly fell. 

Chromatographic analyses were made of 
serum at various times after administration of 
labeled iodine. There was increasing prominence 
of two spots corresponding to mono- and di- 
iodotyrosine during the first several hours, but by 
seventy-two hours these had largely disappeared. 
Small amounts of labeled iodine were found in 
zones corresponding to thyroxine and _ tri- 
iodothyronine. Analysis of the gland received at 
thyroidectomy showed that approximately equal 
and small amounts of triiodothyronine and 
thyroxine were present. Most of the labeled io- 
dine in the gland was mono- and diiodotyrosine. 

Subsequently, additional observations were 
made on the patient, his brother, and on an 
unrelated twelve year old girl with short 
stature, mental deficiency, and a large nodular 
goiter {32}. Mono- and diiodotyrosine were 
noted in the serum of all three after administra- 
tion of labeled iodine. Triiodothyronine and 
thyroxine were noted only in the first patient. 
Two additional zones of labeled iodine were 
regularly found in the serum of the last two pa- 
tients. These were not identified. 

Detailed chromatographic study of urine 
specimens was possible in the last two patients. 
Mono- and diiodotyrosine were found in serially 
collected urine specimens and, in addition, two 
unidentified zones of labeled iodine were noted. 
One of these moved near the solvent front in 
chromatograms developed in a butanol acetic 
acid solvent system, and may have been degrada- 
tion products of labeled iodotyrosines. The other 
spot remained near the origin and was readily 
hydrolyzed by dilute hydrochloric acid to 
monoiodotyrosine. This, in addition to the fact 
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Fic. 3. Chromatographic records to show the metabolism 
of diiodotvrosine. Chart A is the chromatogram of the 
injected material. Chart B is a chromatogram of the 
urine of a normal subject, collected one hour after intra- 
venous administration of I-131-labeled diiodotyrosine. 
Chart C is the chromatogram of the urine of a twelve 
year old goitrous female cretin one hour following ad- 
ministration of labeled diiodotyrosine. The bars cor- 
respond to the stained carriers on the chromatogram. 
I~: iodide. T,: monoiodotyrosine. T,: diiodotyrosine. 
T,; and T,: triiodothyronine and thyroxine. Arrow points 
to the solvent front. (Reprinted by permission of the 
J. Clin. Endocrin. & Metab., 16: 1522, 1956.) 


that there was as much or more monoiodo- 
tyrosine present in the specimen, indicated that 
the principal product of these glands was 
monoiodotyrosine. 

Observations made on these three patients 
after intravenous administration of I-131 labeled 
diiodotyrosine indicated that they were entirely 
unable to remove iodine from the benzene ring. 
(Fig. 3.) Control studies in fifteen normal sub- 
jects or patients with various diseases |.33) indi- 
cated that less than 4 per cent of the dose was 
excreted unchanged in the urine in four hours, 
and not more than 18 per cent of the labeled 
iodine in any specimen of urine was present as 
diiodotyrosine. In the three cretins, the labeled 
diiodotyrosine was excreted unchanged in large 
amounts. No free labeled iodide was excreted 
except that which could be accounted for by the 
small amount of free labeled iodide which con- 
taminated the injected labeled diiodotyrosine. 
More than 60 per cent of the administered 
labeled diiodotyrosine appeared unchanged in 
the urine within the first twenty-four hours. 
These observations were not significantly altered 
by thyroidectomy or by administration § of 
desiccated thyroid or iodide. 

@ertain diflerences were observed after ad- 
ministration of labeled monoiodotyrosine. A 
small but detectable fraction of labeled L- or 
D,L-monoiodotyrosine was deiodinated, but a 
large fraction was excreted unchanged. By 
contrast, in normal subjects both optical isomers 
deiodinated rapidly. After administration of both 
L- and p,t-monoiodotyrosine, two unidentified 
zones of labeled iodine were seen in chromato- 
grams of urine in addition to the todide and 
monoiodotyrosine spots. These were  indis- 
tinguishable from the two zones seen after inges- 
tion of 1-131 in these patients. Again, hydro- 
chloric acid hydrolysis of the zone near the origin 
vielded monoiodotyrosine, indicating that this 
substance was in all probability a simple ester 
of the amino acid. 

Several close relatives of this twelve year old 
girl were available for study. Her mother, sister, 
two aunts and a first cousin all had thyroid dis- 
ease. All had nodular goiter clinically, except 
for one aunt who was said to have had Graves’ 
disease. None had any findings suggestive of 
hypothyroidism and all had normal serum 
concentrations of protein-bound iodine. Each 
was studied with labeled diiodotyrosine intra- 
venously. In all there was evidence of deiodina- 
tion, but when the results were compared with 
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the normal group it was seen that the deiodina- 
tion was significantly less rapid than in the 
control group of patients. 

The deiodinating capacity of thyroid tissue 
removed from one of these cretins was tested by 
exposing labeled p,.-diiodotyrosine as substrate 
to tissue slices from the e@land |374). A series of 
control studies were made on various thyroids 
removed surgically for nodular goiter or Graves 
disease and on sheep and beef thyroid glands. 
Deiodination was readily demonstrable in all. 
One of the nodular goiters was tested on the 
same day as the gland from the cretin. No 
deiodination of substrate diiodotyrosine occurred 
when the test tissue was from the cretin. 

The findings in the three cretins were con- 
sidered to be consistent with the hypothesis that 
these patients lacked the tissue iodotyrosine 
deshalogenase which has been described by 
Roche et al. |/7). Since there was no mechanism 
to remove iodine from mono- and diiodotyrosine 
as they became freed from thyroglobulin, these 
substances escaped into the circulation. Since 
there was no means of removing iodine in the 
periphery, they were lost through the kidney. A 
vicious circle of iodine-want was established, 
resulting in a hyperplastic gland devoted to 
the production and secretion of hormone pre- 
cursors. This formulation does not exclude the 
formation of some normal hormones. Small 
amounts of thyroxine and triiodothyronine were 
noted in the serum of one of them. The possi- 
bility remains that enzymatic coupling of 
iodotyrosine was also inadequate in these pa- 
tients and that normally in some obscure wav 
this reaction is coupled with deiodination. 

This type of biochemical abnormality is 
probably fairly common among non-endemic 
goitrous cretins. More recent chromatographic 
studies ip, Glasgow [35] on two additional af- 
fected members of the tinker group, mentioned in 
the opening paragraph of this section, identified 
monoiodotyrosine and diiodotyrosine as well as 
thyroxine in the serum of one of the patients. In 
the autoradiographs of the chromatograms the 
monoiodotyrosine and diiodotvrosine zones of 
radioactivity were more pronounced in the six 
hour samples of serum; by forty-eight hours the 
thyroxine-triiodothyronine zones showed the 
greatest activity. The dose of radioactivity ad- 
ministered was not sufficient to permit identifica- 
tion of the chemical basis of the serum radio- 
activity in the other patient, but in the urine of 
both patients monoiodotyrosine and diiodotyro- 
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sine were present. There were also two unidenti- 
fied spots of radioactivity in the urine chromato- 
grams, similar in location to those noted in the 
Leiden cases, namely, near the origin of the strips 
and near the solvent fronts. It was not possible 
to carry out any further studies but it is extremely 
likely that the thyroid enlargement and the 
hypothyroidism which were common in this 
family group were due to the loss of the hormone 
precursors from the thyroid gland. The loss of 
these precursors was considered to be due to 
deficiency of the enzyme deshalogenase. Com- 
parison of the Glasgow findings with those 
reported from Leiden supports the opinion that 
the metabolic abnormalities exhibited by the 
two groups of patients are identical. Horst |.36| 
has recently reported two patients who appear 
to be similar. 

Costa et al. |37| have chromatographic evi- 
dence of diiodotvrosine in the serum of three 
cretins from an endemic region of northern Italy. 
These may be variants of the disease. One of us 
has observed a twenty-four vear old man with 
cretinism and no detectable goiter (he had 
received full doses of thyroid for most of his life) 
who had excreted almost but not quite all of a 
dose of labeled t-diiodotvrosine unchanged in 
the urine, vet on two occasions L-monoiodotyro- 
sine was almost completely deiodinated | 38). The 
latter finding was unchanged by administration 
of 2 em. of tvrosine. This was given on the hy- 
pothesis that the patient was utilizing an alterna- 
tive pathway for disposal of monoiodotyrosine, 
and that by saturating it with tyrosine one could 
bring to light a primary deshalogenase defect. 
Blizzard | 39) has observed a similar patient with 
no capacity to deiodinate diodotvrosine, but 
with good deiodination of monoiodotyrosine. 

Cretinism from Other Causes Which Are Probably 
Metabolic. The biochemical abnormalities de- 
scribed may reasonably be claimed to be ade- 
quately established, but it appears to be only a 
matter of time until blocks at other stages of 
svnthesis of the hormone are discovered. Indeed, 
already a number of non-endemic goitrous 
cretins have been described who do not fit into 
the preceding categories. Di George and Pachkis 
40) have observed one patient in whom protein- 
bound labeled iodine which was being dis- 
charged into the blood was not extractable with 
acid butanol. The authors have also seen two 
mentally retarded sisters, both hypothyroid and 
goitrous, who had an unidentified iodinated 
component in the serum. It was possible to 
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identify thyroxine and a little triiodothyronine in 
the blood but not iodinated tryosines. Acid 
butanol extracted only 50 to 60 per cent of the 
labeled iodine from the acidified serum, whereas 
normally with the same technic 85 per cent or 
more was extracted. Unfortunately, hydrolysis 
experiments were not carried out and nothing 
further is known about the specific biochemical 
defect of these patients. We have also seen 
several other cretins who seemingly do not fit 
into any of the categories which have been 
described up to the present time. 


HEREDITARY ASPECTS 


Childs and Gardner [4/7] recently sought 
evidence of a hereditary tendency in the com- 
mon type of sporadic cretinism. They found that, 
although there seemed to be such a tendency, a 
familial prevalence was distinctly uncommon. 
Consanguineous mating was barely more com- 
mon among the parents of sporadic cretins than 
among the parents of normal children. In 
marked contrast are the findings in the more rare 
sporadic goitrous cretinism, in which familial 
prevalence and consanguinity of the parents are 
common. The familial tendency in this condition 
was recognized by Osler [42], who also com- 
mented on the occurrence of consanguinity. The 
older relevant literature has been reviewed by 
Gates | 43}. 


The cases of sporadic goitrous cretinism of any 
of the types which have been reasonably well 
studied from the metabolic point of view in the 
last few years have been analyzed by Lelong et 
al. {/|. Information about sixty-one patients 
involving thirty-nine families is now available. 
Eleven families were responsible for thirty-six 
of the cases. Seventeen occurred in six families, 
in which the parents were consanguineous, and 
ten of these were members of four interrelated 
families. It is obvious that goitrous cretinism in 
its various forms collectively shows a high famil- 
ial incidence both in the United States and in 
Europe, and that consanguineous marriages are 
strikingly frequent among the parents of these 
cretins. Accordingly, it has been postulated that 
the conditions may all be due to an appropriate 
“inborn error of metabolism,” that they must be 
genetically determined, and that they are bio- 
chemical anomalies of the type originally de- 
scribed by Garrod | 44-46}. 

Particular support for the theory of hereditary 
transmission of one form of sporadic goitrous 
cretinism comes from the remarkable group 
mentioned here briefly of itinerant tinkers 
located in the west of Scotland. Further details 
of this pedigree and of its genetic implications 
have been recently described [47]. Their family 
tree (Fig. 4) has been traced back for 160 years. 
The original male member of the family, Y, 
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came from Ireland and married a McX, his full 
cousin. A female Y (n, 3: Fig. 4) in a later gen- 
eration also married a McX, her full cousin, 
but no further details of the McX family are 
available, although its members are stated to be 
scattered widely in Scotland. The number of 
intermarriages in generations uu and w= is 
astounding. It is thought to have been en- 
couraged by the increasing isolation of these 
tinker folk from the other inhabitants of the 
country by their unique and self-demarcated 
mode of life. 

Ten goitrous cretins are known to have ap- 
peared among thirty-one persons in four sets 
of siblings. In addition, there have been four 
cases of Werdnig-Hofimann paralysis. 

The pedigree of this family satisfies three of the 
criteria of simple recessive inheritance | 48). 
(1) The parents of affected persons were normal 
to outward appearance. (2) There was a strik- 
ing familial prevalence: in three of the four sets 
of siblings there was more than one cretin. In 
recessive inheritance the ratio of affected to 
normal is 1:3. The ratio is exceeded in this 
family, but the total number of normal siblings 
was probably not known accurately. (3) All 
affected children were the offspring of con- 
sanguinecous marriages. 

Two additional criteria of autosomal reces- 
sive inheritance are not satisfied. These are: 
(4) The offspring of marriages of affected per- 
sons with normal persons are usually normal. 
(5) The offspring of marriages of two affected 
persons are all affected. 

In view of the predilection for consanguineous 
mating shown by this group of tinkers, it may 
be that with adequate substitution therapy this 
position may alter with time. 

The information provided by the family tree 
even at present strongly supports the opinion 
that the enzyme defect in these tinker patients is 
genetically determined and that it is transmitted 
by a single autosomal recessive gene. The com- 
bined results of the biochemical and genetic 
studies made in the Dutch and Scottish cases 
suggest that a single recessive gene controls the 
presence or absence of a single deiodinating 
enzyme | 49). The absence of the enzyme explains 
all the clinical features observed in these par- 
ticular goitrous cretins. 

It is a reasonable assumption that the cases of 
goitrous cretinism described in Scotland and in 
Holland with frankly abnormal clinical features, 
namely, thyroid enlargement and hypothyroid- 
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ism, and biochemical evidence of a_ gross 
metabolic defect were homozygous. In one of the 
Dutch cases, the patient had several relatives 
who had a detectable but less obtrusive bio- 
chemical abnormality and little or nothing in the 
way of clinical features apart from goiter. They 
were, in all likelihood, heterozygous. If the 
disease is the result of a single enzyme defect and 
if the enzyme is dependent upon a single reces- 
sive gene, the gene must be incompletely reces- 
sive for defects to occur in the heterozygous state. 
Such an hypothesis is in keeping with the modern 
genetic conception that a defect transmitted by 
an autosomal gene as a recessive, in the hetero- 
zygous state, may produce minor but detectable 
metabolic abnormalities although the florid 
symptomatology of the homozygous state is 
naturally lacking | 50). 


SUMMARY 


Biochemical Aspects. Sporadic cretinism with 
goiter may be explained on the basis of arrest at 
any stage of the synthesis of the thyroid hormone. 
Three mechanisms have already been described. 

1. The thyroid gland cannot utilize trapped 
iodide. It is able to concentrate trapped iodide 
from the serum but it cannot produce iodotyro- 
sines from tyrosyl residues and iodide, presuma- 
bly because of lack of an oxidative enzyme. 

2. The thyroid gland cannot couple iodo- 
tyrosines into iodothyronines with sufficient speed 
to secure an adequate supply of hormone. The 
presumption is that this defect is due to failure 
of enzymatic coupling, but proof is lacking. 

3. The hormone precursors mono- and diiodo- 
tvrosine escape from the thyroid gland into the 
blood and then into the urine because of lack of 
the enzyme, deshalogenase. The result is a leak 
of iodotyrosines of sufhcient magnitude to cause 
serious iodine deficiency. 

Other abnormal mechanisms occur. It ap- 
pears to be only a matter of time until these 
other biochemical abnormalities are elucidated. 

Genetic Aspects. Genetic studies support the 
theory of the hereditary transmission of some 
types of sporadic cretinism with goiter. The 
condition shows a high familial incidence, and 
consanguineous matings are strikingly frequent 
among the parents of cretins. 

Genetic studies in a group of Scottish tinkers 
indicate that the biochemical anomaly there 
present is genetically determined and that it is 
transmitted by a single recessive autosomal gene. 

The combined results of biochemical and 
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genetic studies made in Scottish and in further 
similar Dutch cases suggest that a single gene 
controls the presence or absence of a single 
deiodinating enzyme. 

The genetics of the two other well defined but 
apparently unrelated biochemical lesions have 
not been worked out. 


Acknowledgment: In the Leiden cases the pa- 
tients were under the medical care of Professor 
Andries Querido of the Academisch Ziekenhuis: 
in the Glasgow cases they were under the care of 
Dr. James Hutchison, Royal Hospital for Sick 
Children. The authors are indebted to them for 
the opportunity to share in the investigation of 
their patients. 
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Inborn Errors of Metabolism in Red 


Cells of Congenital Hemolytic Anemias’ 


T. A. J. PRANKERD. M.D. 


London, England 


CCESSIBILITY has been an important factor in 
A making red cells the center of so much 
metabolic study. As yet they are the only cells in 
which inborn errors of metabolism can be easily 
studied. 

Metabolism in the mature red cell is pre- 
dominantly glycolytic, and outside this meta- 
bolic pathway but few synthetic activities have 
been described. Energy gained from the an- 
aerobic breakdown of glucose is stored in chemi- 
cal form within the cell as adenosine triphos- 
phate (ATP) (there are only trace amounts of 
creatine phosphate in the red cell). Such stored 
energy is ultimately coupled to a number of 
dependent reactions of which the maintenance 
of electrolyte fluxes and membrane structure are 
vital for cell survival. It has been clearly estab- 
lished that in the absence of glycolysis cation 
transport fails |/|, as does lipid synthesis in the 
stroma {2}. Loss of cation transport leads to 
re-equilibration of intra- and extracellular ions 
with progressive swelling of the cell due to 
the excess osmotic pressure of the hemoglobin 
within the cell. This would eventually lead to 
hemolysis, but it has been shown that during 
prolonged incubation im vitro progressive cell 
swelling ceases after twenty-four hours |.3) and 
that from then onwards red cells shrink. What 
the cause of this reversal of cell volume is re- 
mains unknown. It could result from the con- 
siderable loss of cell inorganic phosphate occur- 
ring after twenty-four hours incubation, which 
would lead to a marked fall in intracellular 
osmotic pressure |4,5]. 

Glycolysis in red cells has now been extensively 
investigated and defects in this process have been 
detected in several abnormal types of cell. In 
this article those defects which have been de- 
tected in patients with congenital hemolytic 
anemias will be discussed, and an attempt made 


to see how these abnormalities fit the basic 
principles governing inborn errors of metab- 
olism. As vet, investigations of lipid synthesis in 
red cells of patients with this group of anemias 
have not been reported. 


METHODS OF STUDY 


A brief description of the methods used to study red 
cell metabolism is necessary so that the abnormalities 
detected by them may be more easily understood. 

Glucose utilization and lactate production can be 
followed by direct chemical estimation or indirectly 
by the release of CO, from bicarbonate in the suspend- 
ing medium. On incubation of red cells with “P- 
orthophosphate this isotope exchanges with unlabelled 
phosphate within the cell. The rate of exchange ts 
dependent upon glycolysis within the cell since the 
isotopic phosphorus is incorporated into the cell's 
phosphate esters; these esters can be separated and the 
turnover of *P through them estimated |5|. By these 
estimations an intimate picture of red cell glycolysis 
can be built up [6). 

Certain principles should be borne in mind in inter- 
preting results. Firstly, the presence of white cells in 
the incubating sample may result in increased glucose 
consumption and abnormal amounts of certain phos- 
phate esters. The same may be said of reuuculocytes, 
which have a somewhat higher content of 2,3-diphos- 
phoglycerate (2,3-DPG) than mature cells. These 
cells should be removed when possible by centrifuging. 
The maintenance of pH is also important as glycolysis 
increases in rate with a rise of pH, and vice versa. 
Differences in the methods of different investigators 
should be noted in comparing results. 


NORMAL RED CELL METABOLISM 


In normal whole blood, glucose consumption 
occurs at about 2.0 uM. / ml. of cells/ hour and ts 
not significantly altered by reticulocyte con- 
centrations up to 20 per cent provided the blood 
is kept well oxygenated. **P-orthophosphate 
exchange is a logarithmic function up to equilib- 


* From the Medical Unit, University College Hospital Medical School, London, W.C.1, England. 
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TABLE |! 
METABOLIC DATA IN NORMAL RED CELLS 


725 


Quantities and Relative Specific Activities (RSA) of Intracellular Phos- 


phate Compounds after Four Hours’ Incubation 
(,lucose 
Consumption 
(uM./ml. cells/hr.) IP ATP 2,3-DPG 

pa. /mil.t RSA°  ga./mi.f RSA* pa. /mil.t RSA* 
2.2 1) 24 59 4 wo 43 2 3a0 166 0 400 

+9 2 +5 4 +101 


* Counts / min. /ug. phosphorus. 
t ug. phosphorus/ml. packed cells. 


rium, which is reached after four hours incuba- 
tion, and its rate is very constant. Intracellular 
“P-turnover among esters follows a reproducible 
pattern and is highest in the 2,3-DPG and ATP 
pools and lowest in the inorganic phosphate (IP) 
pool. From these facts one may conclude that the 
radioactivity of the IP pool is derived from the 
breakdown of more rapidly labelled esters, and 
that there is little or no direct exchange between 
the intra- and extracellular orthophosphate. 
In the absence of glucose “P-exchange ceases 
but nucleosides will act as suitable substrates in 
place of glucose. It has been shown that the red 
cell can utilize the ribose fraction of nucleosides 
to maintain glycolysis |5|. Phosphate esters can 
be detected in small amounts in the stroma of red 
cells and the turnover of “P through these ap- 
pears to be slower than those separated from the 
whole cell. These changes are summarized in 
Table 1. 


TYPES OF CONGENITAL HEMOLYTIC ANEMIA WITH 
ABNORMAL METABOLISM 


‘So far red cell metabolic abnormalities have 
been reported only in hereditary spherocytosis 
and in the miscellaneous group of congenital 
non-spherocytic hemolytic anemias. The author 
has examined red cells from patients with 
thalassaemia and certain hemoglobinopathies 
including sickle cell anemia. None of these has 
shown any abnormality excepting cells which 
have already become sickled [4]. Recently 
Carson et al. [8] have reported the absence, 
presumably congenital, of glucose 6-phosphate 
dehydrogenase from the red cells of Negro sub- 
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jects in whom hemolytic anemia developed dur- 
ing treatment with primaquine. 


METABOLISM OF RED CELLS IN HEREDITARY 
SPHEROCYTOSIS 


In these cells rates of glucose consumption 
have been reported as normal | 3), as has the rate 
of *P exchange |9,/0). However, the turnover of 
"P-orthophosphate through esters within the 
cell is distinctly different, for the highest activi- 
ties are found in the IP pool while the activities 
in the 2,3-DPG and ATP pools are significantly 
lower than normal |9,/0|. These findings indicate 
a basic intracellular defect in phosphorylation 
which has been confirmed by Motulsky et 
al. [77|. In many of the subjects examined the 
changes were found to be reversible by providing 
a nucleoside as an alternative substrate for 
metabolism. Originally the reduction in relative 
specific activity of the ATP and DPG fractions 
of these cells was thought to reflect a reduced 
ability on the part of the cell to phosphorylate 
these esters |9|. However, more recent analyses 
have indicated that the decrease in relative 
specific activity of these esters actually reflects 
an increase in phosphorylation since there is a 
corresponding increase in pool size {/2]. Details 
of these changes can be seen in Table u. 

As yet no specific enzyme defect has been lo- 
cated in the red cells of hereditary spherocytosis 
to account for the observed abnormalities. How- 
ever, certain deductions can be made, and the 
work of Tabechian et al. |72] gives further clues 
regarding the side of the defective enzyme. These 
workers found that there was a difference in **P- 
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TABLE I 
METABOLIC DATA IN RED CELLS OF HEREDITARY SPHEROCYTOSIS 


(Quantities and Relative Specific Activities (RSA) of Intracellular Phos- 
phate Compounds after Four Hours’ Incubation 


Glucose 


Exchange 
Consumption 


Constant 
(uM./ml. cells/hr.) | IP 
pe. /mil.t 
2.0 0.22 43 3 
+6 


RSA* 


ATP 2.3-DPG 
pe. /mil.t RSA* pe. /mil.t RSA* 
550 39 2 235 156.1 310 
> 10 4 


* Counts /min. /ug./phosphorus. 
t wg. phosphorus /ml. packed cells. 


exchange between normal and _ hereditary 
spherocytosic red cells in the presence of sodium 
fluoride. Normal cells with Nak (10~%M) 
showed little or no alteration in their rates of 
*°P-exchange [|5,/2|, whereas with hereditary 
spherocytosic cells the exchange process ceased 
after approximately one hour. This effect could 
be prevented by the addition of a nucleoside. 
The reverse effect was also investigated: red 
cells were incubated with **P-orthophosphate, 
washed, and reincubated in a radioactive-free 
medium and the gain of radioactivity in this 
medium measured. The presence of sodium 
fluoride delayed the loss of **P from normal cells 
but accelerated the loss from hereditary sphero- 
cytosic cells. 

These abnormalities appear to be inherent 
defects within the hereditary spherocytosic red 
cell since they have been detected in the cells of 
patients of all ages, and persist, as do the mor- 
phologic abnormalities of the cells, after 
splenectomy. Since the pool of IP in such cells 
has a higher activity than the pools of 2,3-DPG 
and ATP it cannot be derived from them, as 
appears to be the case in normal cells, and its 
direct source must be either some as yet un- 
isolated ester or possibly the extracellular **P- 
orthophosphate. The fact that **P-exchange can 
be blocked by sodium fluoride in concentrations 
insufficient to block exchange in normal cells 
suggests that Mg*~* activated enzymes may be 
concerned. Correction of the abnormalities by 
the presence of nucleosides during incubation 
would suggest that this substrate functions 
through an alternative metabolic pathway. 


Tabechian et al. have concluded that the 
enzymes enolase or adenosine triphosphatases 
are most likely to be defective in the hereditary 
spherocytosic cells. However, the present writer 
has investigated adenosine triphosphatase activity 
in a number of different samples of such cells, 
using the methods of Clarkson and Maizels | /4), 
and has found it normally active. The possibility 
that the defect involves enolase is supported by 
some unpublished data of Altman and Young 
'J2\, who have found that the addition of 
phosphate to NaFk-poisoned hereditary sphero- 
cytosic cells increases the degree of Nafk- 
inhibition of **P-exchange. This is known to be a 
feature of the action of sodium fluoride on 
enolase. 

Another possibility could be that 6-phospho- 
fructokinase, another Mg** dependent enzyme, 
is at fault, and that hereditary spherocytosic 
cells bypass this defect under in vivo conditions by 
utilizing reactions in the hexose monophosphate 
shunt. The mechanism by which nucleosides 
reverse the observed abnormalities in hereditary 
spherocytosis cells could then be explained by 
the conversion of ribose 5-phosphate (derived 
from the nucleoside) to triose phosphates. Such a 
pathway, by which nucleosides reverse these 
abnormalities, clearly could not operate however 
if enolase was the abnormal enzyme. Tabechian 
et al. have proposed in this case that phos- 
phoenol-pyruvate is derived from ribose 5-phos- 
phate via hydroxypyruvate. 

Other chemical defects have also been de- 
scribed in the hereditary spherocytosic cell. 
Maizels |/5| first described the low potassium 
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Nucleoside 
Ribulose 5- — Ribose 5- 
phosphate phosphate 
Heptulose 7-+— 
phosphate 


Transketolave 


Transketolase 


~* Tetrose 4- 
phosphate 


(;lucose 


(;lucose 6-phosphate 
Fructose 6-phosphate 
Phosphofructokinase 


Fructose 1,6-diphosphate 
Trans- 


aldolase 
~* phosphates 


2-phosphoelvcerate 
Enola 


* Phosphoenolpyruvate 


Pyruvate 


Fic. 1. Possible metabolic blocks and alternative metabolic pathways in red cells in hereditary spherocytosis. 


Metabolic block indicated at broken line. 


content found in these cells, and Erikson et al. 
_/6|\ have analysed the cell lipids and reported a 
deficiency in phospholipid with an excess of 
cholesterol. Both of these defects might be, 
however, secondary to the defect in energy 
metabolism. 

In conclusion it would appear that there is 
adequate evidence indicating a defect in 
glycolysis in the red cell in hereditary sphero- 
cytosis. The enzyme involved in this defect has 
not vet been located but there are several 
pointers to its situation. The defects suggested 
would not require any alteration of the princi- 
ples involved in the biochemistry of “inborn 
errors of metabolism.” The observed changes 
could well be due to a single enzyme abnormality 
and might also be present in all cells of the body. 
However, the red cell, being the only cell en- 
tirely dependent upon glycolysis, would be the 
most vulnerable to such defects. The role this 
metabolic error may play in influencing the life 
span of the red cell in hereditary spherocytosis 
has been discussed elsewhere |9,/7|. Accepting 
the evidence that the red cells in hereditary 
spherocytosis pass sluggishly through and stag- 
nate in the splenic pulp, the hemoconcentra- 
tion that ensues would create conditions in which 
the supply of glucose per cell is reduced, and 
the cells, being incapable of normal glycosis, can 
no longer maintain their normal chemical stores 
of energy, so that hemolysis ensues. 
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CONGENITAL NON-SPHEROCYTIC HEMOLYTIC 
ANEMIAS 


These are a mixed group of anemias described 
in some detail by Dacie et al. |/8|. In a later 
study |3) Dacie divided the cases into two groups 
according to whether the red cells showed in- 
creased autohemolysis, increased potassium loss 
on incubation and defective glucose utilization 
(tvwpe 2): or none of these changes (type 1). 
Motulsky et al. |/9) have examined a number of 
cases of this group of anemias and reported nor- 
mal rates of glycolysis and **P-orthophosphate 
exchange, but increased intracellular contents of 
2,3-DPG. The present writer has examined the 
cells from four subjects and the results of his 
investigations are shown in Table ut. 

It will be seen that one case, (No. 2), a seven 
vear old boy with normal red cell morphology 
and fragility, showed normal metabolic criteria: 
whereas the other three showed gross defects 
with low contents of ATP, deficient glucose con- 
sumption in two cases, and decreased **P-ortho- 
phosphate exchange. 

It seems probable that this group of anemias 
can be divided into two basic groups according 
to whether the cells show any metabolic abnor- 
mality or not. Much further study will be re- 
quired to delineate and reclassify the former 
group but they too are probably examples of 
further inborn errors of metabolism. The meta- 
bolic defects may not be specific, however, as 
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TABLE 
METABOLIC DATA IN CONGENITAL NON-SPHEROCYTIC HEMOLYTIC ANEMIA 
(Quantities and Relative Specific Activities (RSA) of Intracellular 
Phosphate Compounds after Four Hours’ Incubation 
No. Constant (hr~') IP ATP 2,3-DPG 
(uM./ml. cells /hr.) 
 RSA* pe./mi, t RSA* yg./mi.f | RSA®*® 
0.13 200 16.5 40 153 166 
2 2.0 0.23 45 | a 60 475 189 488 
3 0.5 0.08 76 | 176 21 75 113 140 
4 0.6 0.11 ya 17.1 64 190 110 
* Counts/min./ yg. /phosphorus. 
+ wg. phosphorus/ml. packed cells. 
similar changes have been found in red cells REFERENCES 


from other conditions. 


PRIMAQUINE-INDUCED ANEMIA 


Mention must be made of this disorder which 
has been studied very recently and in which a 
specific defect in red cell enzymes has been 
located. With the use of primaquine in the treat- 
ment of malaria it was observed that a hemolytic 
anemia related to the administration of the drug 
developed in some subjects. These subjects were 
all Negroes |20|. Carson et al. |8| have investi- 
gated red cell metabolism in susceptible subjects 
and found that the red cells of those in whom 
hemolysis develops lack the enzyme glucose 
6-phosphate dehydrogenase responsible for oxi- 
dising glucose 6-phosphate to 6-phosphoglucon- 
ate. It is not known yet how this defect is related 
to the hemolysis induced by primaquine but it 
would seem to be a further example of an inborn 
metabolic error in erythrocytes. 


It is to be hoped that this brief review has 
indicated an extension of Garrod’s original con- 
cept into a realm of cellular pathology. Exten- 
sion into the pathology of other cells may reap 
just rewards. 
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Hypophosphatasia’ 


DONALD FRASER, M.D. 


1 oronto, Canada 


HEN Garrod |/| delivered his classic lec- 
|, pe on the inborn errors of metabolism, 
he grouped together with remarkable insight a 
number of entirely separate entities, each char- 
acterized by a permanent inherited biochemical 
disturbance as a common feature. In recent 
years it has become increasingly evident that 
many other metabolic diseases are genetically 
determined, and rightly belong to this fascinat- 
ing category. 

In 1948, when Rathbun |2) coined the term 
he was not aware that 
the syndrome he was describing would later 
prove to be one of the inborn errors of metab- 
olism. However, subsequent studies have shown 
this to be the case. There is now good evidence 
that hypophosphatasia is a specific genetically 
determined metabolic disease characterized by 
three salient features: (1) abnormal mineraliza- 
tion of bone, (2) diminished alkaline phosphatase 


activity, and (3) increased urinary excretion of 


phosphorylethanolamine. Therefore, it is evident 
that the biochemical nature of the syndrome 
may be established not only by the demonstra- 
tion of an enzyme deficiency but also by the 
detection of a chemical abnormality. Such a dual 
manifestation is at present unique within this 
category of diseases. 

The syndrome is rare, and only after some nine 
vears has sufficient information become available 
to justify a composite description. It has become 
apparent, for instance, that there may be marked 
variations from one patient to another in the 
form and intensity of the disease, a feature which 
is in keeping with the modern concept of gen- 
etically determined biochemical disorders. Fur- 
ther, there may be considerable variation in the 
severity of the lesions in a given patient with the 
passage of time; but again this is not contrary to 
modern teaching, for there have been no com- 
plete spontaneous cures recorded to date. 

Since Rathbun’s report, patients with the 


general features of hypophosphatasia have been 
described by a number of investigators |3-/6}. 
Furthermore, although Rathbun rightly 
given credit for establishing the syndrome as an 
entity, earlier authors |/7-27| have described 
cases which, although incompletely investigated, 
are now believed to be examples of the disease. 
The present paper also includes informa- 
tion concerning three hitherto unpublished 
cases | 

In all, the review includes thirty-five patients 
all of whom I consider to be typical examples of 
hypophosphatasia. I shall also comment briefly 
upon one atypical case |27). In addition to the 
reports cited, the reader is referred to five re- 
views and discussions which have been published 
on the subject | 25-29). 

Certain cases which have sometimes been con- 
sidered examples of hypophosphatasia have been 
excluded from the present review since in my 
opinion the recorded data do not establish the 
diagnosis | 30-34), 

It is not my intention in this review to deal 
exhaustively with the various case reports. | have 
summarized the available data in Table 1. In the 
paragraphs which follow I have attempted to set 
forth an integrated picture of this sull mysterious 
svndrome. 

INCIDENCE 

In a disease as rare as hypophosphatasia any 
estimate concerning incidence is obviously pure 
speculation. With this understanding, our own 
experience will be cited. In ten years four con- 
firmed cases of hypophosphatasia from three 
unrelated families have been diagnosed at The 
Hospital for Sick Children, Toronto. Under 
the prevailing circumstances almost all children 
with serious subacute illnesses are referred to this 
institution, which serves a local population 
estimated at 2,000,000 persons. On the basis of 
the present birth rate in Ontario this population 


* From the Department of Paediatrics, Faculty of Medicine, University of Toronto, and The Research Institute, The 
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is considered to have produced approximately 
500,000 infants during the past ten years. If one 
accepts the assumptions mentioned, the inci- 
dence of hypophosphatasia during the latter 
period was approximately 1: 100,000 live births 
in the Toronto area. 

In the present series, twenty-one cases were 
females and fourteen were males. 

GESTATION 

Although hy pophosphatasia ts an inborn error 
of metabolism, and although skeletal lesions 
developed in utero in some cases, there have been 
no obvious disturbances in the course of preg- 
nancy. Most of the reported pregnancies reached 


term, and the disturbances mentioned by Rath- 
bun and Chown were minor in deeree. 


AGE OF ONSET 


There is radiographic proof that the bone le- 
sions of hypophosphatasia may occasionally 
develop in utero (Case 3). Certain circumstantial! 
evidence suggests that in other cases lesions ma\ 
begin to develop (or at least may become much 
more severe) at the time of birth (Cases 9 and 
10). In addition, it has been shown that occa- 
sionally bone lesions may not become detectable 
until several months after birth. In the latter 
patients it is probable from theoretical considera- 
tions that a biochemical lesion ts present at the 
time of birth in all cases. In this regard one pa- 
tient is known to have had no clinical or radio- 
logic evidence of hypophosphatasia until the 
age of nine months although at birth the serum 
alkaline phosphatase level had been found to 
be markedly reduced (Case 19, sib of Case 9). 


THE CLINICAL AND RADIOLOGIC MANIFESTATIONS 


In describing the clinical manifestations of 
hypophosphatasia it is practical to divide the 
cases arbitrarily into three groups based upon 
the estimated time of development of demon- 
strable bone lesions: Group t: Infants in whom 
lesions were present at birth or within the first 
six months of life (Cases 1 to 16). Group nu: Chil- 
dren in whom lesions gradually became ap- 
parent after the age of six months (Cases 17 to 
31). Group m: Patients in whom hypophospha- 
tasia was first diagnosed in adult life (Cases 
32 to 35). 

In general, the patients in group | were 
severely affected and had a poor prognosis; those 
in group u and group tm were less severely af- 
fected and the outlook was correspondingly 
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better. It is not known what determines the 
severity of a given case. However, it should be 
noted that when sibs have been affected (Cases 2 
and 3; 4 and 5; 6 and 7; 12 and 13; 22, 23 and 
24; 30 and 31), the age of onset, severity and 
clinical course have usually been almost identi- 
cal. As the only exception to this observation 
the marked dissimilarity in the clinical features 
of the sibs reported from this center (Cases 9 and 
19) should be noted. 


sroup / 
Infants in whom lesions were present at birth or within 
the forst six months of life (Cases | to 16) 


General. All the infants in group 1 were found 
upon examination to have extensive skeletal 
lesions. However, it was usually because the 
infant had acute generalized symptoms and signs 
that the parents sought medical advice. The 
infants presented with anorexia, irritability, per- 
sistent vomiting, mild pyrexia of undetermined 
cause, and occasionally mild anemia and de- 
hydration. Although even the severely affected 
children had normal weights at birth, marked 
failure in linear growth and weight gain had 
become evident before six months of age. Blue 
scleras were observed in three cases (Cases 9, 10 
and 33) and mild skin pigmentation was men- 
tioned, without comment, in two cases (Cases 9 
and 10). The more severely affected infants also 
suffered from unexplained convulsions (Cases 1, 
2, 3, 4, 5, and 10) and repeated attacks of cvano- 
sis and pneumonia (Cases 2, 3 and 8). 

In seven cases acute symptoms were present 
within the first few days of life (Cases 1 to 7); in 
these there is no doubt that bone lesions must 
have been present before birth. In the others, 
symptoms did not make their appearance for 
three to six months, and it is more difhcult to fix 
the date of onset of the skeletal lesions. 

Skeletal Lesions. The bones of the skull and 
skeleton were extensively affected in this group 
of infants. Marked costochondral beading and 
prominence of the ends of the long bones similar 
to that seen in severe rickets were characteristi- 
cally present (Cases 1, 2, 3, 4, 5, 7, 8, 9, 10 and 
14). Im some cases marked angulations and 
deformities, presumably due to previous frac- 
tures, were reported at a very early age. Fre- 
quently, kyphosis developed as the child grew 
older (Cases 2, 3, 8 9 and 15). Bone tenderness 
(Cases 1, 9 and 11) and hypotonia (Cases 8, 10, 
11 and 18) were mentioned occasionally. 

The radiographic signs of hypophosphatasia 
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are essentially the result of defective calcification 
: + + in pre-osseous cartilage and in recently deposited 
bone matrix. Longitudinal growth of bone takes 
place, but at a reduced rate, and little or no 


calcium is deposited at the disrupted zone of 
provisional calcification or in the osteoid which 

accumulates in the metaphyses. 
. It is generally conceded that the resultant 
radiographic picture is characteristic. (Fig. 1.) 
| There was nearly always complete disappear- 
. ance of the zone of provisional calcification 
i = 90¢ 4 *°9 29 (Cases 1, 2, 3, 7, 8, 9, 10 and 11) and little or no 
bone mineral was visible in the region extending 


from the epiphyseal cartilage occasionally as far 
as 1 cm. into the diaphysis. In this region a 
> shadow slightly less radiolucent than the sur- 
rounding soft tissues was frequently observed 
which conformed to the shape of what would 
normally have been metaphyseal bone. Occa- 
sionally, longitudinal tongues of completely 
uncalcified tissue were reported extending into 
this zone from the region of the epiphyseal plate 
(Cases 1 and 9). 

In most radiographs a gradual transition was 
observed from the uncalcified metaphysis to 
relatively normal diaphysis, and in the latter 
location a frayed and frequently cupped zone of 
diaphyseal bone was visible (Cases 2, 3 and 11). 

‘ = 3 3 However, as seen in Figure 1 (Case 9) and in the 

radiographs published by Schlesinger et al. | 

: — (Case 10), the transition was occasionally sharply 

F demarcated and convex, beyond which, at 


troup Ul 


each end of the bone, a zone of poorly calcified 
metaphysis projected. In Case 9 it was noted, at 
the age of five months, that the length of the 
relatively well calcified portion of the diaphyseal 
— shadow in the tibia and the femur was approxi- 
2 3 3 mately equal to the mean length of the corre- 
— sponding diaphysis in newborn infants of com- 
i “ parable birth weight. Taken in conjunction with 
3 : the history, the finding was thought by Fraser 
ee et al. [47] to suggest that a sudden metabolic 
alteration had occurred in the infant during the 
perinatal period. 
i ee, In several severely affected children, radio- 
graphic evidence of irregular subperiosteal 
new bone formation was observed in the dia- 
physeal regions (Cases 1, 9 and 10). The 
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M 
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= 3 44 calcification of the diaphyses appeared to be 
3 | iz relatively normal but the diaphyses failed to 
7 grow normally in diameter. Definite defects in 
calcification were observed in the secondary 
- | pay a” . epiphyseal centers in several cases (Cases 2, 3, 8, 
10, 21, 30 and 31). The bone age was retarded 
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Fic. 1. Radiograph of the lower limb: Group 1 (Case 9. 
age five months). Note disappearance of the zones of 
provisional calcification, extreme defect in calcification 
of metaphyses and abrupt transition to relatively normal 
diaphysis. Subperiosteal calcification is visible. Epi- 
physeal centers are normal. 


in some cases (Cases 2, 3, 10 and 21) but normal 
in others (Cases 1, 8 and 27). 

Cranial Lesions. Cranial abnormalities were 
observed in thirteen of the cases in group 1. It is 
probable that significant cranial lesions always 
occur when the infant is severely affected in early 
infancy. In Rathbun’s patient, in whom the 
lesions undoubtedly developed in utero, the 
changes which occurred are representative of 
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Fic. 2. Radiograph of the skull: Group t (Case 9, age 
five months). Note wide bands of uncalcified osteoid 
between the poorly calcified membrane bones. Clinically, 
bulging fontanelle, reduced head circumference and 


cramostcenosis were present 


the most extreme situation. The head was 
globular and the brain appeared to be enclosed 
in a soft fibrous membrane in which could be 
palpated four small plaques —the only vestiges 
of the frontal and parictal bones. 

In no other reported case has there been so 
marked a defect in the cranial vault but prac- 
tically all the infants in this group had conspicu- 
ous abnormalities in the development of the 
skull. In the more typical case the skull was 
described as soft, with a large bulging anterior 
fontanelle. In some cases the patient's eves were 
unusually prominent (Cases 9, 10 and 11) and 
the scalp veins distended (Case 9). 

The head circumference was recorded in 
nine cases in group 1. Of these only two equalled 
the mean value for age (Cases 7 and 15). The 
remainder lay below the fifteenth percentile, 
and all but one below the third percentile. 

The radiographic appearance of the skull in 
the severely affected patients with hypo- 
phosphatasia is both striking and characteristic. 
In Rathbun’s case only four rudimentary 
plaques of calcified tissue were visible in the 
cranial vault. Frequently, reports of other 
severely affected infants (Cases 2, 3, 5, 8, 9, 10 
and 15) have described between the cranial 
bones, wide bands which contained little or no 
visible bone mineral. (Fig. 2.) Because of their 
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location these wide radiolucent bands have 
often been referred to as “‘widened sutures.” 
This concept is erroneous. The histologic studies 
of Rathbun |2!, Chown |/8! and McCance et 
al. |/3|) have proved that the tssue represented 
by the radiolucent bands is actually uncalcified 
osteoid, and not fibrous tissue such as is found in 
the widened suture lines of hydrocephalus. The 
point is an important one. Despite the radio- 
logic appearance of the skull during this carly 
period of infancy, it is my opinion that the occur- 
rence of a bulging anterior fontanelle in the 
presence of reduced head circumference is evi- 
dence of craniostenosis, albeit of a unique type. 

Premature exfoliation of primary teeth, a 
feature Commonly present in patients in group 
u, occurred in only one of the patients in this 
group (Case 16). 


Croup 
Children in whom lesions gradually became apparent 
after the age of sax months (Cases 17 to 31) 


The children in group nu, although suffering 
from the same fundamental disorder, first 
presented somewhat later in life, and with a 
considerably different and much less severe 
clinical picture. The youngest came under 
observation some time after six months of age, 
and lesions had developed in most of the patients 
before the age of two vears. This group of chil- 
dren were quite healthy on the whole; most of 
them were brought for examination because of 
orthopedic deformities. However, the majority 
were also found to have lost two or more primary 
teeth prematurely (erde mfra). In two children 
the dental abnormalities constituted the chief 
complaint and overshadowed the minor lesions 
which were subsequently detected in the long 
bones (Cases 17 and 19). 

On examination, the children presented with 
—%, ing degrees of genu valeum (Cases 17, 20 
22, 23, 24, 25, 27, 30 and 31) some of which 
required surgical correction. Growth retardation 
was not usually a conspicuous feature and the 
height was known to be normal in four children 
at the time of reporting. On the other hand, 
five children were stunted, two severely so (Cases 
20 and 28). 

Although fundamentally the same, the radio- 
logic abnormalities were less severe than those 
seen in the infants in group t (Cases 17, 20, 21, 
25 and 27). The zones of provisional calcifica- 
tion were usually not markedly disrupted, and 
the metaphyses were not so completely devoid 
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Fra. 3. Radiograph of the knee: Group u (Case 20, age 
three and one-half years). Note deficient and irregular 
calcification in metaphyses and tilting of the tibial 
epiphyseal plate, producing genu valgum. The — 
are bowed. Epiphyseal centers are normal. 


of calcium. (Fig. 3.) The trabeculae near the 
metaphyseal regions were coarse, distorted and 
irregularly calcified, and although the zone of 
provisional calcification was usually in close 
proximity to the secondary epiphyseal center, it 
was frequently tilted, giving rise to severe angu- 
lations at the large joints. In some cases, tongues 
of radiolucent tissue projected from the region 
of epiphyseal cartilage into the diaphyses as 
wedges of poorly mineralized bone, although the 
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latter were much less conspicuous than in the 
younger patients. Changes in the periosteum 
and the epiphyseal centers were minor in extent 
and frequently undetectable. Although bowing 
was often present in the long bones, the radio- 
graphic structure of the diaphyses appeared rela- 
tively normal. 

In this group of fifteen patients craniostenosis 
was a relatively uncommon complication, and 
radiographs of the skull were usually normal. 
However, in two children many or all the cranial 
sutures had closed completely at an early age 
and the skull had acquired typical lacunar 
markings (Cases 27 and 29). 


Group 
Patients in whom hypophosphatasia was first diagnosed 
in adult life (Cases 32 to 35) 


Four patients have been designated as cases of 
adult hypophosphatasia. Cases 33 and 34 were 
sibs, and the sister of Case 31, although healthy, 
had typical chemical abnormalities and had had 
certain skeletal abnormalities as a child | 35). 
Three of the four patients presented after te 
age of twenty vears because of undue fragility of 
the long bones. In each the serum alkaline 
phosphatase was found to be low. However, the 
only radiographic feature, apart from fractures 
or pseudo-fractures, was mild osteoporosis. In 
one patient the histologic appearance of the 
skull and ilium was normal (Case 35). The 
height was considerably below average in two 
cases (Cases 32 and 35) and was not recorded in 
the other two. | 

Two of the patients (Cases 34 and 35) had had 
no symptoms of bone disease during childhood 
and the question arises whether these patients 
form part of the general syndrome under discus- 
sion or whether they represent a_ separate 
entity. Further studies of the natural course of 
established childhood cases are required before 
the question can be answered. However, three 
features indicate that the manifestations de- 
scribed probably constitute the adult counter- 
part of the childhood illness. (1) In Cases 32 and 
33 the patients had been considered “‘rachitic”’ 
as children. (2) In Case 33 the skull was 
dolicocephalic. (3) In Cases 32 and 35 phos- 
phorylethanolamine was detected in the urine. 


Group IV 
“Atypical Hypophosphatasia”’ 


In completing the description of the clinical 
manifestations of hypophosphatasia brief men- 
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tion should be made of a case recently reported 
by Klein, Laron, Knapp and Sissman | 24). The 
patient, a male infant, presented with hypo- 
glycemia, renal glycosuria and marked skin 
pigmentation, but without detectable bone 
lesions. The serum alkaline phosphatase levels 
were much reduced, and phosphorylethanol- 
amine was present in the urine. A_ previous 
sib was said to have been similarly affected. 
These diversified biochemical disturbances might 
well be accounted for by a generalized deficiency 
of tissue alkaline phosphatase. However, in view 
of the absence of bone lesions it would seem 
unreasonable, in the present state of knowledge, 
to include this patient with the others. 


DENTAL ASPECTS 


The principal dental abnormality in hypo- 
phosphatasia is premature loss of primary 
tecth. The manifestation occurred three- 
quarters of the children in group u and occa- 
sionally constituted the chief presenting feature 
(Cases 17 and 19). In Group t early loss of teeth 
was observed in only one case, but this was prob- 
ably because few infants survived beyond the age 
of one vear. 

There appear to be two causes for premature 
exfoliation of the primary teeth in hypophos- 
phatasia: (1) inadequate growth of alveolar 
bone |36|, and (2) incomplete formation and 
early resorpuon of the roots of the teeth | /2). 
Other dental findings which have been reported 
include dental hypoplasia |/8|, enlarged pulp 
spaces |7), irregular calcification | /3) and severe 
caries | 27,35). On the other hand, no radiologic 
or histologic abnormalities were observed in the 
primary teeth of our three patients despite the 
presence in each of lesions in the alveolar bone 
(Cases 9, 19 and 20). In the latter patients it ts 
apparent that the metabolic derangement which 
resulted in an obvious defect in calcification of 
bone produced no demonstrable abnormality in 
calcification of the teeth. This anomaly suggests 
a difference in the genetic control of the cellular 
processes concerned with matrix formation or 
calcification in these two tissues. It deserves 
further investigation. 

Little information has been recorded con- 
cerning the permanent dentition. The teeth ap- 
peared normal clinically and radiographically in 
Case 20. Dent reported severe caries in Case 32. 


HISTOLOGY 


Bone. A number of investigators have studied 
the histologic changes in hypophosphatasia, both 
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in the severely affected infants | 2,4,/3,/5,16,18) 
and during the less acute phase | 5,/0|. In keeping 
with the radiographic changes the histologic 
defects were most marked at the growing re- 
gions of the bones. Both membrane and cartilage 
bone were involved. 

It has been stressed that the lesions of hypo- 
phosphatasia are morphologically indistinguish- 
able from those of simple rickets | 73,37) unless 
special stains are performed to demonstrate 
phosphatase. In the epiphyseal plate the carti- 
lage and the resting and proliferating cells near 
the epiphysis appeared normal. However, the 
hypertrophic chondrocytes close to the metaphy- 
sis had lost their normal columnar arrangement. 

At the junction between cartilage and bone 
only occasional segments of the zone of provi- 
sional calcification could be distinguished. In 
this region tongues of apparently degenerating 
uncalcified cartilage projected toward the diaph- 
vsis, completely disrupting the normal architec- 
ture in this region | 2,/3,/6,/8 . In the metaphyseal 
regions islands of uncalcified cartilage were 
enveloped by uncalcified bone, and excessive 
amounts of uncalcified osteoid extended in a 
disorderly arrangement for several millimeters 
into the diaphysis. In the latter region the 
structure of the tissue approached that of rela- 
tively normal cortical bone, although several 
months after birth the shafts were abnormally 
small in diameter and cores of immature bone 
could still be seen surrounded by lamellar bone 
of mature type | /0,/6). There was a considerable 
amount of irregularly calcified sub-periosteal 
osteoid which accounted for the radiographic 
changes seen in the shafts | 2.4,/3,/6). 

A number of special biophysical technics 
were emploved by Engfeldt and Zetterstrém [4 
in a study of undecalcified slices of affected bone. 
There was evidence of delay in the normal 
maturation of bone; linear growth and remodel- 
ling were defective: and there was a disturbance 
in the collagen structure and in the mineraliza- 
tion of the Haversian systems. Jn vitro uptake of 
Ca" was reduced but mineral salts were depos- 
ited as hydroxyapatite crystals of normal form. 

Similar defects in the growth and mineraliza- 
tion of the membrane bones have been described 
by several authors |2,/0,/3,/8|. The widened 
“sutures” seen in radiographs of the skull were 
shown to consist of uncalcified osteoid tissue. 
Indeed, when the high incidence of cranio- 
stenosis is considered it may be of significance 
that the histological picture of a cranial suture 
has never been reported in this condition. 
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There are two fundamental matters upon 
which there is considerable disagreement. The 
first concerns the status of the osteoblasts and 
osteoclasts. Some authors |8,/0,/5| reported a 
paucity of both cell types at the costochondral! 
junction and in trabecular bone. On the other 
hand, Park |37| believed that the osteoblasts 
were morphologically and numerically normal! 
at the costochondral! junction (Case 25). 

The second point of contention concerns the 
morphologic appearance of the osteoid tissue. 
Some authors | /6,37) have considered it normal! 
whereas others |8,/0| have suggested that the 
material appeared fibrous or hyalinized. 

In essence, the histologic lesion in hypophos- 
phatasia is characterized by two abnormalities, 
(1) a disturbance in the normal calcification 
process of cartilage and bone, and (2) excessive 
production and disordered arrangement of 
pre-osscous cartilage and of osteoid. If, as has 
been suggested, the osteoid is also qualita- 
tively altered, then either abnormality theoreti- 
cally could be the result of the other. It is not 
vet known which disturbance is primary in 
hvpophosphatasia. 

Aidneys. Autopsies have been reported in six 
of the ten fatal cases and in each, lesions were 
present in the kidneys. Deposits of calcium 
salts were observed in the renal tubular epi- 
thelium and in the surrounding interstitial tis- 
sues of five patients (Cases 2, 3, 4, 5 and 8) 
and calcium casts were sometimes present. In no 
case was nephrocalcinosis of sufficient degree to 
be visible radiographically. One is strongly in- 
clined to attribute the nephrocalcinosis to 
hypercalcemia (vide infra) despite the reported 
absence of the latter feature in one case (Case 2). 

In Case 1 no calcium deposits could be found 
in tne kidnevs. However, the collecting tubules 
were distended with casts and there was some 
necrosis of tubular epithelium. 

It is not possible to assess the clinical impor- 
tance of these lesions. Renal insufficiency, when 
present, was not great and it does not seem 
likely that the renal lesions were the primary 
cause of death in any of the children. Neverthe- 
less, the potential danger of progressive renal 
damage in acutely affected infants with persist- 
ent hypercalcemia should not be underestimated. 

Parathyroid Glands. A search was made for the 
parathvroid glands in each of the fatal cases 
cited. In three patients no glands could be 
located: in the others (Cases 4, 5 and 8) the 
parathyroid glands showed no significant lesions. 
Present evidence suggests that the parathyroid 
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glands do not play a primary role in the patho- 
genesis of hypophosphatasia. 

Other Tissues. The adrenal glands were con- 
sidered normal in four cases (Cases 1, 4, 5 and 8). 
The liver, thyroid, gonads and pancreas have 
shown no abnormalities. There have been no 
significant histologic changes reported in the 
pituitary. 


CHEMICAL DETERMINATIONS 


Serum Alkaline Phosphatase Activity. A marked 
reduction in the serum alkaline phosphatase 
activity is one of the cardinal features of hypo- 
phosphatasia. Values are not available for some 
of the patients but they have been recorded in 
twenty-five cases considered in the _ present 
review. (Table 1.) The measurements have been 
made by a variety of methods, each with its 
specific substrate and conditions of reaction. 
Since the validity of the various conversion 
ratios is open to question, I have preferred to 
compare the figures obtained in a given case 
with the lowest value accepted as normal for 
the age of the patient and for the method 
employed. 

Taking the group as a whole, the serum 
alkaline phosphatase activity in hypophospha- 
tasia was reduced to approximately 25 per cent 
of the lower limit of normal, the mean levels 
varying widely from patient to patient, between 
almost no activity and 40 per cent of normal 
activity. There is no clear-cut relation between 
the degree of serum alkaline phosphatase 
depression and the severity of the clinical 
manifestations. 

In following the alkaline phosphatase values 
of individual patients over a period of time, 
some showed remarkable constancy (Cases 1, 8 
and 9). In others (Cases 10, 11, 15 and 25) a 
considerable variation occurred, without evident 
relation to the progress of the disease. Certain 
methods for determination of alkaline phospha- 
tase are inaccurate at low enzyme concentra- 
tions, and it is possible that some of the varia- 
tions noted are attributable to technical error. 

Tissue Alkaline Phosphatase Activity. Several 
investigators have studied the alkaline phospha- 
tase activity of various tissues in hypophospha- 
tasia. Their findings regarding bone phosphatase 
have been | 2,7,8,/0,73,15,/6| consistent and con- 
clusive. They have demonstrated that the activ- 
itv was markedly reduced in the metaphysis, the 
periosteum and the region of the costochondral! 
junction during the active phase of the disease. 


For example, McCance et al. | /3| found that the 
phosphatase activity at the costochondral junc- 
tion of their patient was reduced to approxi- 
mately 1 per cent of the amount present in 
normal infants, and the reductions recorded by 
other investigators, although not so marked, 
were definite nevertheless. To date, no tissue 
phosphatase studies have been carried out in 
bone from patients in whom optimal healing 
had already taken place. 

Rathbun’s discovery that phosphatase activity 
was reduced in bone, kidney and _ intestinal 
mucosa suggested the presence of a “generalized 
hypophosphatasia.”” His original concept has 
been confirmed by most subsequent studies. 
McCance et al. |/3)|, emploving different ester 
phosphate substrates, demonstrated an appreci- 
able reduction in the phosphatase activity of 
liver, kidney and intestine. Engfeldt et al. [4| 
found the activity reduced to about 30 per cent 
in kidney, and Sobel et al. |7| noted a similar re- 
duction in liver phosphatase activity. 

To date, the only contradiction to the hypoth- 
esis of a generalized tissue phosphatase depres- 
sion has been furnished by Scaglione and Lucey 
/35)\. Their preliminary report indicated that the 
phosphatase level in the liver and the duodenal 


juice was normal in their patient. In view of the 


difhiculties inherent in the measurement of tissue 
alkaline phosphatase activity [38|), judgment 
upon this important contradictory finding should 
possibly be reserved until their data have been 
reported in detail. 

Total Serum Calcium. Reference to Table 1 
indicates that ten of the patients in group 1 had 
elevated serum calcium levels and that the 
value was normal or undetermined in six. How- 
ever, when several determinations were carried 
out in a given patient wide variations usually 
occurred in the individual readings, and it is 
apparent that most of the hypercalcemic pa- 
tients had normal serum calcium concentrations 
on occasion. The latter observation emphasizes 
the necessity of carrying out a number of deter- 
minations before eliminating the possibility of 
hypercalcemia in any given case. It is apparent 
that. further study might well have uncovered 
additional cases of hypercalcemia among the 
less completely investigated infants in this group. 
Certainly, hypercalcemia is a common if not 
invariable occurrence in infants who are seri- 
ously affected. The degree of hypercalcemia was 
slight in some cases but in several, levels above 
14.0 mg./100 ml. were recorded. 
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Hypercalcemia was a much less common find- 
ing in patients in group u, and when present was 
less severe. Five children were found to have 
elevated levels on occasion: the serum calcium 
values were normal or not reported for the 
remaining ten. Hypercalcemia was not observed 
in any of the adult cases (group m1). 

The cause of the hypercalcemia cannot be 
stated with finality. Since calcium balances have 
been invariably positive |2,4,/0,/7,/3), since 
bone resorption would appear to be inhibited | 4| 
and since there is no histologic or biochemical 
evidence of hyperparathyroidism, there is no 
indication that the excessive circulating calcium 
is of skeletal origin. Urinary calcium output was 
elevated in hypercalcemic patients (Cases 1, 10 
and 21) and normal in normocalcemic patients 
(Cases 3, 25 and 35): therefore renal mecha- 
nisms are unlikely to be involved. One must 
conclude |4,/3) that, for some unexplained rea- 
son, intestinal absorption of calcium takes place 
at a rate which exceeds the patients’ ability to 
deposit the material in bone. On the basis of this 
conclusion it would seem logical to restrict cal- 
cium intake during the hypercalcemic phase of 
this disease. 

Serum Inorganic Phosphorus. \n general the 
scrum inorganic phosphorus levels were normal. 
Individual determinations occasionally fell be- 
low or above the normal range for children but 
there were no consistent abnormalities. Terminal 
hyperphosphatemia was noted in a few cases. 

Renal Function. As shown in Table 1 evidence 
of renal damage was present in ten of the infants 
in group 1. In six the lesions were demonstrable 
at autopsy, and in four other patients (Cases 9, 
10, 11 and 15) the presence of an elevated blood 
urea level and the demonstration of proteinuria 
and diminished concentrating power provided 
evidence of mild renal insufficiency. Elevation 
of the blood pressure was reported occasionally. 
No reference was made to renal function or 
urine In Six Cases. 

In group u moderate renal insufficiency was 
present in only two cases. There was no nitro- 
gen retention in eight other cases (Cases 17, 19, 
20, 21, 25, 28, 30 and 31) and the urine was 
normal. No reference was made to renal func- 
tion or urine in five cases. 

Renal function was considered to be normal in 
two of the adult cases (Cases 32 and 35). 

Other Determinations. A great many other 
determinations have been carried out on blood 
and urine but none have been significantly 
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abnormal. The acid phosphatase, serum elec- 
trolytes, serum proteins, protein-bound iodine, 
Wassermann reaction and tests of adrenal 
cortical function have been normal. With the 
exception of the atypical case of Klein et al. both 
oral and intravenous glucose tolerance tests have 
been normal. On one occasion in Case 29 the 
fasting blood sugar was 30 mg. per 100 ml. 
Moderate anemia was present in some Cases. 
When one considers the importance of phospha- 
tases in biologic reactions it is surprising that 
evidences of metabolic disturbance have not 
been observed in other systems. 


THE EXCRETION OF PHOSPHORYLETHANOLAMINE 
IN THE URINE 


In the autumn of 1954 two independent 
groups discovered almost simultaneously the 
presence of a hitherto unreported ninhycrin- 
positive substance in the urine of infants with 
hypophosphatasia. Preliminary reports were 
made of these findings early in 1955 by Mc- 
Cance et al. |39| and by our group in Toronto 
\40\. At that time the evidence, based upon 
paper chromatographic technics, suggested that 
the material might be phosphorylethanolamine 
(amino ethyl phosphoric ester). Further evidence 
concerning the identity of the substance was 
presented by our group |4/| in a paper delivered 
before the combined meetings of the American, 
British and Canadian Paediatric Societies at 
Quebec City, June 1955. We reported the 
isolation by ion exchange chromatography of a 
minute amount of crystalline material which 
behaved in a manner similar to synthetic amino 
ethyl phosphoric ester on ion exchange and 
paper chromatograms, and we showed that the 
material contained an ester-phosphate linkage 
as indicated by the technic of Hanes and 
Isherwood The chromatographic and 
electrophoretic properties of the substance were 
further discussed by Dent |43| at approximately 
the same time. 

Recently, Cusworth [44] has succeeded in 
isolating a larger amount of the material from 
the urine of an adult patient with hypophospha- 
tasia and has identified the substance as “‘phos- 
phoethanolamine”’ by classic chemical methods. 

Although phosphorylethanolamine had not 
been observed previously in human urine, it 
soon became evident that excretion of this 
compound was not limited specifically to pa- 
tients with hypophosphatasia. Since the original 
reports detectable concentrations of what was 
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presumably the same material have been 
demonstrated on occasion in the urine of chil- 
dren with celiac disease [45], scurvy |46] and 
hypothyroidism [46], all of which diseases tend 
to have an associated suppression of the serum 
alkaline phosphatase level. On the other hand, 
the current studies of Dent and his associates |35! 
have suggested that phosphorvlethanolamine is 
not detectable in the urine of randomly selected 
normal adults by their chromatographic pro- 
cedure (1.25 mg. total nitrogen loading). The 
experience of our group has been similar, except 
that we believe small amounts of urinary phos- 
phorylethanolamine may be detectable occa- 
sionally in randomly selected normal adults 
whose serum phosphatase levels are at the lower 
limit of normal. 

Since its discovery, phosphorylethanolamine 
has been observed in the urine of several other 
cases of hypophosphatasia | /0,/3,22,35,43)|, and 
recently McCance et al. |/3| have recorded for 
the first time the occurrence of a material which 
has been identified tentatively as adenosine 
monophosphate. 

The question arises whether or not phospho- 
rylethanolamine is invariably present in the 
urine of patients with hypophosphatasia. There 
is as yet littke published information on this 
subject. Dent and Cusworth [43] found it in 
increased amounts in the urine of each of six 
established cases, and Harris and Robson [| 47) 
have identified it in each of fourteen. On the 
other hand, we have found it in only seven of 
eight patients. In the eighth, a typical case 
(Case 29), we were unable to detect even traces 
of phosphorylethanolamine on paper chromato- 
grams loaded with 1.25 mg. total nitrogen— an 
amount five times the normal aliquot. It is 
unfortunate that it has not been possible to ob- 
tain another sample of urine from this patient, 
the only known non-exeretor, since in studies of 
our other patients considerable differences have 
been observed in the rates of phosphorylethanol- 
amine excretion. 

As an explanation for the occurrence of phos- 
phorylethanolamine in the blood and _ urine 
of patients with hypophosphatasia, it is tempting 
to suggest |39,40,43| that the substance accumu- 
lates because there is insufficient phosphatase to 
hydrolyse the ester phosphate linkage. This 
theory would suggest, in effect, that phosphory]l- 
ethanolamine is one of the long-sought naturally- 
occurring substrates of alkaline phosphatase. In 
consonance with this concept is the recent 
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demonstration by MeCance et al. |/3| that 
alkaline phosphatases derived from various 
normal tissues possessed the ability to hydrolyse 
svntheuc phosphorviethanolamine im vitro. On 
the other hand, it is possible to propose other 
theories to explain the occurrence of phosphory]- 
ethanolamine in biologic systems. The latter 
cannot be excluded until more is known con- 
cerning the conditions which influence the 
excretion of this newly discovered substance. 
GENETICS* 

Schneider and Corcoran |3) were the first to 
propose a genetic factor in the etiology of hypo- 
phosphatasia. The evidence that has since ac- 
cumulated fully supports their hypothesis. In 
early studies carriers were identified among the 
parents and relatives by the demonstration of low 
or borderline serum alkaline phosphatase levels. 
More recently the presence of increased amounts 
of urinary phosphorylethanolamine has also been 
considered an indication of heterozygosity. Un- 
fortunately, in many papers on hypophospha- 
tasia details which are of importance in evaluat- 
ing the genetic aspects have been omitted, and 
for this reason the value of any conclusions is 
considerably reduced. 

Fortunately, however, interpretation of the 
sex ratio is not affected by such shortcomings; al- 
though more females (twenty-one) than males 
(fourteen) were affected with hypophosphatasia, 
out of a total of thirty-five probands and 
affected sibs this deviation from a 1:1 sex ratio 
is not statistically significant (x? of 1.0, 1 d.f., p is 
0.30). 

When more than one member in a family is 
affected with an uncommon anomaly the possi- 
bility of inheritance is suggested. Further, when 
both parents are apparently normal, and when, 
on the average, one-quarter of the sibs of the 
proband are affected, recessive inheritance of the 
disease and heterozygosity in both parents can 
be suspected. The parents were mentioned in 
fifteen of the families included in the present 
review; these parents were all considered normal 
as far as the bones were concerned, although to 
date no tissue biopsies have been studied. In 
twelve of these families (Cases 1, 2, 9, 10, 12, 18, 
20, 21, 25, 26, 29 and 30) the serum of twenty- 


* The genetic data have been interpreted by Professor 
N. Ford Walker, Department of Zoology, University of 
Toronto, and Director, Department of Genetics, The 
Research Institute, The Hospital for Sick Children, 
Toronto, Canada. 
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one patients was tested for alkaline phosphatase 
activity. The levels were low or border-line in 
sixteen persons and normal in the remaining 
five. The sixteen persons are therefore considered 
to be heterozygous. 

The urine of six of these parents (Cases 1, 2, 9 
and 20) was tested for the presence of phosphory!- 
ethanolamine. It was positive in four and nega- 
tive in two. However, three of the four had 
already been classified as carriers on the basis of 
the alkaline phosphatase determination. One 
more heterozygote was thereby recognized, giv- 
ing a total of seventeen heterozygous parents 
out of twenty-one, or 81 per cent-——a proportion 
which approaches the expected 100 per cent. 
The four who were not classified as heterozy- 
gotes were tested only for phosphatase activity. 
It should be pointed out, however, that we have 
no proof at the present time that chromatog- 
raphy of the urine offers a more effective 
test of heterozygosity than does the serum 
phosphatase level. Nor have we sufficient data 
to prove whether or not serum alkaline phospha- 
tase and phosphorylethanolaminuria are under 
the control of a single gene. Evidence [46,47] 
suggests at present that there is usually a recip- 
rocal relation between the serum alkaline 
phosphatase level and the excretion of phos- 
phorylethanolamine. However, in forty-nine es- 
timations on seventeen probands or relatives [46] 
there have been three apparent exceptions which 
we are unable to explain by the hypothesis stated 
earlier. 

Since unaffected children may not always 
have been recorded, the attempt to calculate the 
proportion of affected sibs of probands is the 
most unsatisfactory aspect of the present genetic 
analysis. The data, however, show that nine of 
thirty-four (26.4 per cent) sibs of the probands 
were affected, a close approximation to the one- 
quarter expected if recessive autosomal in- 
heritance is involved. Of the unaffected sibs who 
were tested nine were found to be heterozygous 
(sibs of Cases 1, 9, 10, 21, 26 and 35), four were 
normal (sibs of Cases 1, 12, 27, 35)--approxi- 
mately the 2:1 ratio expected. 

In one instance an affected offspring of second 
cousins has been reported [58], further support- 
ing the hypothesis of recessive inheritance. 

A survey of the data presently available sug- 
gests that hypophosphatasia has a genetic 
basis, and that it may be inherited through the 
action of an autosomal recessive gene. It is to be 
hoped that further study of the biochemical and 
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genetic aspects mentioned in the foregoing sec- 
tion will be stimulated by the preliminary find- 
ings reported herein. 


NATURAL COURSE AND PROGNOSIS 


It was pointed out in a previous section that 
the earlier the onset of pathology, the more 
severe the lesions. This axiom also holds with 
regard to the prognosis. Reference to Table 1 
indicates that if lesions developed before birth a 
fatal outcome was to be anticipated within a few 
months. Of the sixteen patients included in 
group I, ten are known to have died, and others 
may have died since their histories were re- 
ported. Only five patients have survived beyond 
one year of age. 

When the multiplicity of defects which were 
present in these severely affected infants is 
considered it is not surprising that few survived. 
Hypercalcemia, nephrocalcinosis and, in some 
cases, thoracic instability must have contributed 
to the fatal outcome. In addition, the possibility 
exists that, in severely affected newborn infants, 
generalized hypophosphatasia may have given 
rise to unrecognized metabolic derangements 
which were incompatible with life. 

Insufficient stress has been placed upon the 
possible early deleterious effects of the severe 
cranial lesions which are characteristic of 
this group of infants. In a previous section I have 
given my reasons for considering that the bulging 
anterior fontanelle, typical of patients in group |, 
is an indication of a disparity between rate 
of brain growth and increase in intracranial 
volume. It is my thesis that this form of cranio- 
stenosis might account for the unexplained 
convulsions, cyanotic spells and sudden death 
which have been observed in some cases. In 
many cases surgical correction of the cranial 
lesion is probably indicated at this early stage. 

Until recently little was known concerning the 
course of hypophosphatasia in untreated pa- 
tients who survived the first few months of life. 
It is now becoming apparent that the illness 
passes through a cycle in which, initially, the 
manifestations become more severe, then gradu- 
ally commence to decrease. From a prognostic 
standpoint it is important, but also very difficult, 
to predict the time relations in this cycle. As 
a general rule, patients who presented with 
lesions early in life tended to pass through the 
cycle more rapidly than patients with the less 
severe forms of the disease. Patients in whom 
lesions had developed in early infancy were ob- 
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served to deteriorate during the first year of life. 
Those who survived usually began to improve 
sometime during the first or second years of life 
but wide variations were observed in the rate and 
extent of the healing process. For example, 
radiologic improvement in the patient studied by 
Anspach and Clifton |20| did not commence un- 
til the third year of life, after which time there 
was a gradual but incomplete deposition of cal- 
cium in the metaphyses. Scaglione and Lucey 
questioned whether or not their patient had vet 
reached the turning point at the age of four 
vears. 

In contrast, the patients reported by Schles- 
inger et al. |/0| began to improve at about one 
vear of age; fairly rapid although incomplete 
radiologic improvement took place during the 
subsequent twelve-month period. Concurrently, 
the wide defects in calcification between the 
bones of the skull gradually became mineralized 
and, as the latter process neared completion, 
radiographs indicated that a total cranial 
synostosis had resulted. 

Anspach and Clifton attributed the progress 
of their patient to radiation of the parathyroid 
glands, and Schlesinger et al. attributed the 
improvement they had seen to the administra- 
tion of large doses of vitamin D. Other experi- 
ence would cast doubt upon the efficacy of these 
measures |6,7,//,76,35,48|, and the author be- 
lieves that the improvement observed in the fore- 
going patients was independent of the therapeutic 
measures employed. 

The radiographic improvement observed by 
Currarino et al. |29] in an untreated, severely 
affected infant was even more dramatic. Skeletal 
healing commenced between eight and twelve 
months of age and proceeded rapidly at first, 
then more slowly. By the age of twenty months 
certain of the long bones had become normal in 
appearance and the others were much improved. 
This case illustrates the rapidity with which 
bone healing may occasionally take place in 
hypophosphatasia. 

To date, no relapses have been reported once 
radiologic improvement has become established. 
Present evidence indicates that a corresponding 
spontaneous improvement has not been observed 
in the low serum levels of alkaline phosphatase 
10,16,43,50| or in the phosphorylethanolami- 
nuria |/6|, and rarely in the hypercalcemia | 7/0}. 
As yet there is no information concerning the 
long term progress of such infants. The prognosis 
must remain guarded with respect to the effects 


of persistent hypercalcemia and untreated com- 
plete craniostenosis (Case 11). 

Recently, observations have been made 
| /6,49,50| upon the progress of four less severely 
affected children (group 1: Cases 20, 22, 23 and 
24). In each, gradual improvement in the skeletal 
lesions had occurred over a period of years but 
the bones had not become normal. A normal 
height was attained in two cases (Cases 23 and 
24) but was much reduced in one (Case 20), 
Renal function was normal. Little or no im- 
provement was observed in the serum alkaline 
phosphatase activity. As Dent has suggested | 43), 
it is possible that in children who fall within this 
group increased bone fragility will develop in 
adult life. 

Although the outlook for complete cure of 
hypophosphatasia seems remote, the life ex- 
pectancy of the less severely affected children ts 
probably normal. 

THERAPY 

In the past nine years many attempts have 
been made to influence the course of hypo- 
phosphatasia. For the most part they have been 
completely unsuccessful. Vitamin C [|7), thyroid 
extract testosterone growth  hor- 
mone |7|, thiamin [7], oral citrate |/6| and 
benemid® | 3) have been administered to patients 
with hypophosphatasia without any significant 
effect upon either phosphatase activity or 
skeleton. 

Several groups |4,6,7,/0,//,/6| have admin- 
istered large doses of vitamin D to these patients, 
on the basis of those few features of hypophos- 
phatasia which superficially resemble vitamin D 
deficiency rickets. Initially, the results of this 
treatment were thought to show promise | /0). 
However, considered in the light of more recent 
information regarding the natural course of 
untreated cases, the beneficial effects of vitamin 
) therapy have been unconvincing. Further- 
more, severe hypercalcemia occurred rapidly on 
numerous occasions |6,7,/0,/7,/6). In my opinion 
there is no justification at the present time for 
trial of this precarious form of therapy. 

In 1956 a preliminary report [5/7] was pub- 
lished of our experiences with the use of cortisone 
in a severe case of hypophosphatasia (Case 9). 
Within three weeks of commencing an oral 
dose of 37.5 mg. of cortisone per day we observed 
that mineralization had appeared in the long 
bones at the zones of provisional calcification. 
Within the next seven weeks considerable cal- 
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cification had taken place in the metaphyseal 
and subperiosteal regions and the bones were 
approaching the normal. We were aware that 
fairly rapid healing of the bone lesions had 
occasionally been observed in untreated cases of 
hypophosphatasia: however, there were certain 
features of our case which convinced us that the 
dramatic skeletal improvement had not been 
entirely fortuitous. For instance, within a few 
days of initiating therapy we observed a definite 
and sustained rise in the serum alkaline phos- 
phatase activity to approximately twice the 
pretreatment value, and a marked fall in the 
serum calcium concentration, features which 
have not been reported in natural remissions. 
When the hormone was withheld for two months 
skeletal lesions again became apparent, and the 
alkaline phosphatase activity fell to pretreat- 
ment levels; subsequently the bones healed 
rapidly when cortisone therapy was reinstituted. 

At present, the child has been receiving 37.5 
me. of cortisone daily for one and one-half vears. 
She is healthy and is growing slowly. Although 
certain of the epiphyseal plates remain distorted 
the metaphyses throughout the body appear to 
be completely and normally calcified. The serum 
calcium concentration is normal. The serum 
alkaline phosphatase level is slightly higher than 
during the pretreatment period but remains 
considerably less than normal, and phosphoryl- 
ethanolamine is still present in the urine. 

In support of our general findings Klein [52) 
has recently observed clinical improvement 
and a reversible increase in the alkaline phospha- 
tase activity of his atypical patient during a 
period of cortisone therapy. On the other hand, 
preliminary trials of cortisone therapy in two 
affected children | 23,53) and two adults 22, 
have failed so far to duplicate our findings. It is 
our present belief that cortisone has been of 
specific benefit to our patient. However, further 
confirmation of our observations is required 
in order to establish the eflicacy of the treatment 
we have proposed. 

The theoretical indications for early crani- 
ectomy and for restriction of calcium intake have 
been discussed in earlier sections. 


FUNDAMENTAL NATURE OF HYPOPHOSPHATASIA 


As the clinical features of hypophosphatasia 
have gradually unfolded during the past decade, 
so also the concepts regarding pathogenesis have 
become more clearly defined. Early investi- 
gators were struck by the markedly reduced 
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alkaline phosphatase activity in the serum, and 
this observation has been extensively explored. 
Examination of urine, saliva and feces [7,77] 
failed to demonstrate excessive losses of enzyme. 
Sobel et al. {7), recognizing that the measure- 
ment of phosphatase activity did not necessarily 
represent the absolute concentration of the 
enzyme protein, searched in vain for evidence 
of possible phosphatase inhibitors. Further, it 
was shown |/6| that magnesium, a known acti- 
vator of certain phosphatases, was present in the 
serum in normal concentration. The incubation 
of serum from affected children with that of 
normal or rachitic persons has repeatedly failed 
to demonstrate the presence of non-specific 
inhibitors | 7,73,76). 

These findings lead to the conclusion that the 
low serum phosphatase activity reflects a true 
decrease in enzyme concentration, a decrease 
which theoretically could be caused either by an 
increased destruction or, more probably, by a 
decreased production of this group of enzymes in 
the tissues. In consonance with this hypothesis 
a marked reduction in tissue phosphatase con- 
centration has invariably been demonstrated in 
bone, kidney and intestinal mucosa, and usually 
also in liver. 

The possibility exists that the serum in 
hvpophosphatasia might be unable to provide 
bone with an environment which could support 
mineralization. This suggestion seems unlikely, 
since it has been demonstrated | 40] that adequate 
calcification took place in vitro when the cartilage 
of rachitic rats was incubated in the serum of a 
severely affected patient (Case 9). Similar im 
vitro experiments have provided further evidence 
that the seat of the disturbance lies within the 
bone itself. In contrast to the situation which 
obtains in cases of vitamin D resistant rickets | 54), 
it has been shown [47] that no new deposition of 
bone mineral occurred when a slice of tissue 
from the patient’s costochondral junction was 
incubated in the serum of healthy children. 

All experimental data obtained to date have 
implicated the tissues, and for clinical purposes, 
principally the skeletal tissues, as the site of the 
pathologic process in hypophosphatasia. The 
lesion can be localized further to the proliferating 
osteoblasts |2,8,/0,/5,/6] and the hypertrophic 
chondrocytes, since there is abundant evidence 
(55) that these cells normally constitute the 
principal source of bone phosphatase. On the 
basis of this cellular concept, the observed reduc- 
tion in the phosphatase concentration must be 
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considered a secondary phenomenon. ‘There is 
no doubt that studies of the phosphatase system 
in hypophosphatasia may help to answer some 
of the questions regarding the physiologic role of 
this enzyme in the formation of bone matrix and 
its calcification. Of more fundamental impor- 
tance, however, is elucidation of the factors 
which give rise to the impaired function of the 
proliferating osteoblasts and the hypertrophic 
chondrocytes and, considering the disease in all 
its aspects, of phosphatase-producing cells 
throughout the body. 

Whether the genetically determined disturh- 
ance in cellular function is caused by some de- 
ficiency, or by some inhibitor—exogenous or 
endogenous-—remains a matter for speculation. 
In this connection the recent experiment of 
Scaglione and Lucey [/5)| is very stimulating, 
but the interpretation is open to argument. 
A block of bone was removed at operation 
from the skull of a patient who had a rela- 
tively severe hypophosphatasia (Case 16). 
The tissue contained no measurable phospha- 
tase activity. A small fragment of the bone 
was placed in a tissue culture medium. During 
incubation there was a proliferation of cells 
which possessed the characteristics of osteoblasts, 
and it was observed that the new cells contained 
abundant phosphatase. It may be concluded 
that the culture medium had provided a more 
suitable environment for the proliferating cells 
than did the host. However, it is unjustifiable 
in the present state of knowledge to employ, 
without reservation, conclusions based upon in 
vitro results to explain observations made in the 
intact organism. 

In a previous section of this review I have set 
forth in summary the reasons for our belief that 
cortisone exerts a specific effect upon the bone 
lesions in hypophosphatasia. In conformity with 
my concept of the fundamental nature of hypo- 
phosphatasia we postulated at one time that the 
disease process was caused by a derangement in 
adrenal function, and we explained the action 
of cortisone on the basis of its adrenal suppressive 
action. However, subsequent studies have not 
confirmed our original postulate, and we have 
put forward two additional explanations for the 
beneficial action of cortisone in our case. In the 
first, we postulate a direct pharmacologic ac- 
tion of cortisone on the disease process: in the 
second, we postulate that the beneficial action 
is exerted primarily in blocking some unknown 
toxic factor which, unopposed, acts as an osteo- 


blast inhibitor. Both suggestions are in con- 
formity with the basic concept of the patho- 
genesis of the disease but both are speculations 
which we cannot support by specific evidence. 
It is perhaps of interest that certain investi- 
gators |/6,43) have tentatively suggested, cach 
for his own reasons, the possible existence of 
vitamin D hypersensitivity as a factor in the 
pathogenesis of hypophosphatasia. Although 
there are a number of important drawbacks to 
such an hypothesis it fits in some respects the 
known facts concerning the toxic actions of 
vitamin D, and the postulated antagonistic 
effect of cortisone | 56,57) upon the action of this 
Vitamin. 

In considering the present knowledge of hy po- 
phosphatasia it is obvious that littl factual 
information is available and that much of the 
foregoing discussion is hypothetical. Perhaps this 
situation is inevitable for a condition so recentls 
discovered and so rare. There is strong evidence 
that hypophosphatasia is genetically determined. 
Further, it is reasonable to suggest that the bone 
lesions are the result of a disturbance in the cel- 
lular processes concerned with cither the 
elaboration of organic matrix, or its calcification, 
or both. Since the osteoblast is considered to 
play a key role in the control of both matrix 
formation and mineral deposition, and since the 
enzyme it elaborates, phosphatase, has been 
variously implicated in both processes, further 
elucidation of the primary disturbance in hypo- 
phosphatasia may contribute materially to the 
understanding of the fundamental physiology of 
bone. 


TERMINOLOGY 


In earlier papers on hvypophosphatasia there 
was an obvious lack of agreement concerning 
nomenclature, and several designations have 
been applied. *‘Osteodysmetamorphosis fetalis” 
was suggested by the Swedish investigators |4) 
but the name is unwieldy and does not seem ap- 
propriate for those patients whose lesions are of 
postnatal onset. The term “rickets” has been 
used frequently in the past, perhaps with some 


justification. However, from almost every stand- 


point hypophosphatasia differs from the usually 
accepted connotation of rickets, and to use the 
latter term is to confuse the whole concept of 
hypophosphatasia. 

Although future findings may suggest a more 
appropriate designation, the original term 
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“hypophosphatasia” would scem for the present 
to be the most satisfactory. 
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Wilson’s Disease’ 


An Inborn Error of Metabolism with Multiple Manifestations 


A. G. BEARN, M.D. 


New York, New York 


URING the last decade information has ac- 
D cumulated which has permitted Wilson's 
disease (hepatolenticular degeneration) to be 
classified as an inborn error of metabolism. How- 
ever, it should be admitted at the outset that the 
nature of the inborn error in Wilson's disease is 
still not known with any degree of certainty, that 
the etiology of the disease is understood in only 
the broadest outline, and that present day treat- 
ment still leaves much to be desired. Neverthe- 
less, much about the disease has been learned not 
only concerning its genetic and biochemical 
features but also its clinical manifestations. In 
this account an attempt will be made to indicate 
how an understanding of the biochemical ab- 
normalities helps to explain the varied and 
scemingly disconnected symptomatology of pa- 
tients with Wilson’s disease. 


HEREDITARY ASPECTS 


In common with other inborn errors of metab- 
olism, the genetic component of the disease seems 
to be the decisive factor in the expression of the 
disorder. For the disease to become manifest 
clinically it is probable that the abnormal gene 
must be present in the double dose. The hetero- 
zygote under ordinary circumstances appears 
phenotypically normal. It is a paradoxic truism 
that the formal genetics of rare diseases are 
usually easy to elucidate, and Wilson's disease is 
no exception. A familial incidence, a high con- 
sanguinity rate, and an absence of the disease in 
the parents of those afflicted suggests a recessive 
mode of inheritance quickly confirmed by the 
application of mathematical tests designed to 
investigate such a hypothesis | /}. 

Estimation of the gene frequency and the 
carrier rate of the abnormal gene for Wilson's 
disease is extremely difficult since no information 
is available upon which reliable estimates can be 


made. The a priori method of calculating gene 
frequency devised by Dahlberg requires infor- 
mation both on the consanguinity rate of the 
parents of those afflicted, and on persons stem- 
ming from the same ethnic and cultural back- 
ground who are unaffected by the disease. The 
observed first cousin consanguinity rate in a 
recent series of sixteen cases collected in New 
York City was 0.375.? If Dahlberg’s calculation 
is performed assuming a consanguinity rate of 
0.01 (Julia Bell’s estimate for the consanguinity 
rate for a general hospital population was only © 
0.006) the calculated gene frequency is 0.001 
with a carrier rate of 0.002. A consideration of 
the number of cases diagnosed in New York City, 
relative to the population size, indicates that the 
true gene frequency in New York is higher: this 
finding suggests that these cases stem from 
genetic isolates in which the normal con- 
sanguinity rate is also increased |7/). 

All patients with overt Wilson’s disease, and 
who are thus assumed to be homozygous, have a 
disturbance in copper metabolism the details of 
which will be discussed later. Numerous at- 
tempts to detect a biochemical lesion in the . 
heterozygote have been unrewarding. This 
failure should be ascribed to a lack of sophistica- 
tion in the design of the experiments rather than 
to the absence of any biochemical abnormality 
for, except under unusual circumstances, the 
presence of even one abnormal allele will cause 
some defect in normal metabolism. In one in- 
stance, a characteristic biochemical lesion has 
been observed in the absence of overt clinical 
disease. This occurred in a young woman who 

t The total number of patients with Wilson's disease 
studied has now been extended to twenty-six. Recalcula- 
tion of the first cousin consanguinity rate of the parents 
reveals an incidence of 0.308, a value slightly lower than 


that obtained from an analysis of the first cighteen pa- 
tients studied. 


* From the Rockefeller Institute for Medical Research, New York, New York. 
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hic. 1. Pedigree of patient LaR. Three siblings were affected, two of whom died in 
hepatocellular failure. The sibling, aged thirty, who is clinically normal, has a low 
serum copper, diminished serum ceruloplasmin and increased direct reacting copper. 
The urinary excretion of copper and amino acids ts normal. No increase in her serum 
ceruloplasmin concentration occurred during pregnancy. 


had three siblings with Wilson's disease. Follow- 
up studies will be required to determine whether 
or not clinical disease will eventually develop in 
this individual. (Fig. 1.) 


CLINICAL FINDINGS 


The essential clinical picture of hepatolenticu- 
lar degeneration was Clearly set forth in a 
monograph by Kinnier Wilson entitled, **Pro- 
eressive Lenticular Degeneration: A familial 
disease associated with cirrhosis of the liver,” 
published in 1912 |2|. The paper received im- 
mediate recognition but the very rarity of the 
disease precluded its systematic study by later 
workers. Although the disease is unquestionably 
rare, many cases have been misdiagnosed in the 
past. One of the chief reasons for the failure to 
recognize the disease has been a tendency for 
physicians to make the diagnosis only when the 
classic form of the disease is present. Detailed 
study has revealed many variations on the 
central theme of lenticular degeneration and 
cirrhosis of the liver. However, the crucial factor 
in our recognition of clinical variants of Wilson’s 
disease has been the development of objective 
biochemical tests which are, with few exceptions, 
specific for the disease, and which serve as a 
reliable diagnostic arbiter. 

The clinical manifestations of Wilson’s dis- 
ease usually arise during adolescence and the 
majority of cases occur between the ages of 
twelve and twenty. Most patients with Wilson’s 
disease fall into two broad and overlapping 
clinical categories. In one, the symptoms are 
predominantly referable to the nervous system, 
in the other, the disease appears restricted to 
symptoms and signs of hepatic cirrhosis. 

The neurologic form of the disease is most 


frequently seen. Symptoms of tremor, rigidity, 
dysarthria and dysphagia stem from disorganiza- 
tion of the lenticular region of the brain. In 
individual patients one symptom may pre- 
dominate over the rest. When the disease be- 
comes overt in young people it is more likely to 
be acute and progressive. Severe spastic rigidity 
dominates the clinical picture whereas tremor 
is only slight. In contrast, when the disease ap- 
pears later in life it is more likely o be mild and 
only slowly progressive. Rigidity, although pres- 
ent, is usually minimal and tremor is more fre- 
quently the predominant symptom. Cirrhosis of 
the liver is almost invariably present in patients 
with Wilson's disease although it seldom becomes 
clinically overt. In most patients a slight increase 
in bromsulphalein retention is demonstrable but 
liver biopsy may be necessary to establish the 
diagnosis of hepatic cirrhosis with certainty. 

Despite the brilliance of Wilson's clinical acu- 
men one characteristic and pathognomonic fea- 
ture of the disease curiously eluded him. In over 
90 per cent of patients a brown or greyish green 
ring may be seen at the limbus of the cornea. The 
ring, frequently called a Kayser-Fleischer ring, 
may be partial or complete, unilateral or 
bilateral. Traditionally the ring is best seen with 
a slit lamp but in most patients this is an un- 
necessary refinement. The absence of a Kayser- 
Fleischer ring, while it does not exclude the 
presence of Wilson’s disease, makes the diagnosis 
highly improbable. 

In a few patients cirrhosis of the liver is the 
only clinical evidence of Wilson’s disease. This 
group, although small in number, is important 
since these patients are most likely to remain 
undiagnosed. Hemorrhage from esophageal 
varices may arise early in the disease but ascites 
is usually delayed and is seldom severe. Although 
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examination of the central nervous system re- 
veals no abnormal clinical signs, the presence of 
a Kavyser-Fleischer ring will disclose the true 
diagnosis in the majority of patients. In most 
instances these patients, who are usually males, 
are diagnosed as having juvenile cirrhosis of 
undetermined etiology and die, either from 
hemorrhage or coma, without the correct diag- 
nosis being reached. In other patients dramatic 
neurologic features may develop acutely and 
usher in the terminal phase of the disease. 
(Fig. 2.) 


COPPER METABOLISM 


In 1945 Glazebrook investigated a patient 
with Wilson's disease and analyzed the liver and 
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Fic. 2. The photograph on the left depicts a case of juvenile cirrhosis of unknown 
etiology in a boy of twelve. The photograph on the right illustrates the same pa- 
tient one month later when gross neurologic symptoms of Wilson’s disease had 
supervened. 


brain for copper following the suggestive evi- 
dence in the old German literature |3—5] that 
copper might be an etiologic factor in its patho- 
genesis. The increased copper content of these 
organs found by Glazebrook |6} has been amply 
confirmed by a number of workers. The liver 
usually contains between five and twenty times 
as much copper as normal and the basal ganglia 
between five and ten times as much [7,8]. Recent 
work has demonstrated that the increased 
deposition of copper in the body of patients with 
Wilson's disease is not restricted to the liver and 
brain. An excessive quantity of copper is also 
found in the cerebral cortex, kidney and many 
other tissues [8]. The Kayser-Fleischer corneal 
ring probably also contains an increased quantity 
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of copper. In support of this opinion is the oc- 
casional occurrence of a “Sonnenblumenkata- 
rakt” in patients with Wilson’s disease |9|. Such 
cataracts are known to follow the intraocular 
localization of a foreign body containing 
copper | /0). 

Soon after the demonstration of an increased 
copper content of the tissues in Wilson’s disease 
an increased urinary excretion of copper was 
reported |//| and rapidly confirmed. In contrast 
to the unanimity of opinion that the urinary 
excretion of copper was increased, the copper 
concentration of serum was reported to be either 
normal or elevated. Recent work has estab- 
lished that although»nermal values may some- 
times occur, the serum copper is usually strik- 
ingly decreased | /2,/3). 

Copper has long been known to be present in 
normal serum but litthe was known about the 
chemical nature of serum copper unul 1948 
when Holmberg and Laurell showed that about 
95 per cent of the total serum copper was bound 
to a protein which behaved as a serum globulin 
and which they named ceruloplasmin |{/7). 
Ceruloplasmin has a molecular weight of 151,000 
and contains 8 atoms of copper tightly bound to 
each molecule of protein. The function of cerulo- 
plasmin zn vive is unknown but, in vitro, cerulo- 
plasmin has been shown to exhibit weak oxidase 
activity towards a variety of artificial substrates 
including paraphenylenediamine and _ benzi- 
dine |/735| and, to a lesser extent, toward adrenal- 
ine and serotonin [76]. In conformity with the 
current one gene-one enzyme hypothesis it is 
tempting to think that ceruloplasmin may have 
an enzymatic function under physiologic condi- 
tions. The small amount of serum not bound to 
ceruloplasmin is loosely attached to serum 
albumin and can be considered to be copper in 
transport to various parts of the body. 

In Wilson’s disease the low serum copper is 
associated with a decreased quantity of cerulo- 
plasmin |/,/7|. In general, the depression of the 
ceruloplasmin is greater than would be predicted 
from the total serum copper concentration and 
in a few patients, although the serum copper is 
only moderately diminished, no serum cerulo- 
plasmin can be detected. Cartwright and co- 
workers have demonstrated that the serum 
copper which is not bound to ceruloplasmin 
reacts directly with diethylthiocarbonate and 
that this fraction is increased in Wilson’s dis- 
ease |/3|. Thus, although the serum cerulo- 
plasmin is greatly decreased, the albumin bound 


copper (direct reacting copper) is increased in 
Wilson's disease. 


RADIOACTIVE STUDIES 


The use of radioactive copper in clarifying 
the defect in copper metabolism in Wilson's 
disease is limited by its short half-life (12.88 
hours) and extensive experiments using this 
isotope are not possible. When radioactive cop- 
per is given, either orally or intravenously, to 
patients with Wilson's disease increased 
urinary excretion of copper occurs compared 
to control subjects. Now, since the total body 
copper is greater than normal and since the 
urinary excretion of copper is increased, patients 
with Wilson’s disease must be in positive copper 
balance. The dithculties inherent in the perform- 
ance of a balance experiment involving trace 
elements can be overcome only partially by 
the use of Cu®*; nevertheless experiments per- 
formed in various laboratories have shown that 
an increased absorption of radioactive copper in 
Wilson’s disease occurs |/8-2)|. Unfortunately, 
the experimental evidence is not as secure as in 
hemochromatosis in which increased iron ab- 
sorbtion can be demonstrated convincingly by 
following the excretion of radioactive iron over 
many weeks. 

Perhaps the most striking findings stemming 
from the use of Cu®* in this disease concern the 
metabolic fate of intravenously administered 
radioactive copper. In normal subjects a rapid 
decline in plasma radioactivity occurs, reaching 
its lowest level about four hours after administra- 
tion. The plasma activity rises steadily thereafter 
and twenty-four hours later has still not reached 
a plateau. In contrast to normal subjects, pa- 
tients with Wilson's disease show a slower fall in 
plasma radioactivity, but this decline continues 
and virtually no rise in plasma radioactivity is 
observed [/8,79|. Electrophoretic separation of 
serum withdrawn at timed intervals after the 
administration of radioactive copper showed 
that initially the copper was bound to serum 
albumin but later became incorporated into 
serum ceruloplasmin. In patients with Wilson’s 
disease the activity remained associated with 
serum albumin and little or no radioactivity be- 
came localized in the ae-globulin region {27}. 
These experiments strongly suggest that serum 
ceruloplasmin is inadequately synthesized in 
patients with Wilson’s disease. This concept has 
gained direct support from the work of Schein- 
berg who has calculated, on the basis of an 
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observed half-life of ceruloplasmin in patients 
with Wilson's disease of about four days, that if 
the decreased serum ceruloplasmin were due to 
increased destruction it would be necessary to 
postulate a normal half-life of ceruloplasmin of 
well over one hundred days. The magnitude of 
such a half-life is sufheciently greater than the 
reported half lives of other plasma proteins to 
make it intrinsically unlikely. 

The variation in the level of serum cerulo- 
plasmin in patients with Wilson's disease sug- 
gests that its synthesis is not depressed to the 
same deeree in all patients. Thus the possibility 
arises that the serum ceruloplasmin could be 
raised, either by increasing its rate of synthesis 
or by delaving its normal metabolic breakdown. 
Attempts to delay the metabolic breakdown of 
the small quality of ceruloplasmin synthesized 
are beset by the ditheculty that neither the mecha- 
nism nor the site of ceruloplasmin degradation 
are precisely established. Attempts to increase 
the serum ceruloplasmin by increasing the rate of 
synthesis of the protein have proved more fruitful. 


EFFECT OF ESTROGEN OF SERUM CERULOPLASMIN 


Serum ceruloplasmin, in common with other 
a» proteins, is frequently increased in disease 
states: clevated levels may occur in acute in- 
fections, myocardial infarction, thyrotoxicosis, 
schizophrenia and many other conditions | 23). A 
striking but unexplained rise in serum cerulo- 
plasmin has long been observed during the latter 
months of pregnancy; after parturition the 
ceruloplasmin returns to normal. Recently Russ 
and Raymunt |2/} have shown that oral estro- 
gens given to normal subjects and patients suffer- 
ing from a variety of diseases increase the serum 
ceruloplasmin levels. Thus it seemed possible 
that if a patient with Wilson's disease became 
pregnant, or if patients with Wilson's disease 
were given oral estrogens, an increase in the svn- 
thesis of serum ceruloplasmin might result. No 
patient with overt Wilson’s disease thus far 
studied has become pregnant but pregnancy did 
occur in the asymptomatic sibling whose pedi- 
gree is illustrated in Figure 1. The pregnancy was 
uneventful and no rise in serum ceruloplasmin 
was observed. It is of interest, however, that this 
subject had a serum ceruloplasmin that was ex- 
tremely depressed before pregnancy and hence 
might not have been expected to respond. 

Seven patients with Wilson's disease have 
been given both natural and synthetic estrogens 
(estinyl and diethylstilbestrol) for periods up to 


MAY, 1957 


five weeks. Determinations of serum copper, 
serum ceruloplasmin and direct reacting copper 
were made at weekly intervals. In some sub- 
jects the daily urinary excretion of copper was 
also determined. A summary of the maximum 
changes observed after four or five weeks of 


Taste t 
EFFECT OF ESTROGENS” ON SERUM COPPER, SERUM 
CERULOPLASMIN AND DIRECT REACTING COPPER 
IN 7 PATIENTS WITH WILSON’S DISEASE 


Serum Cerulo- Direct 
Copper plasmin Reacting 
Patient Therapy (90-125 (3.0-4.0 Copper 
pe. / 100 (0-20 pe./ 
mil. t) mi./hr.t) 100 mil. 
Y.R. Control 49 0 5 38 
Estrogens 40 0 3 30 
l. A. Control 75 0.7 48 
Estrogens 32 
M.A. Control 8S 0 5 58 
bstrogens 70 9 43 
M.G. Control s4 1.5 
bLstrogens 160 2 6 37 
R.V. Control 53 0 4 29 
Estrogens 50 0 4 33 
M.F. Control %6 24 
b.strogens 158 3.0 32 
Control 97 18 2? 
Estrogens 267 5 4 30 


* All patients received estinyl 1.0 mg./day except 
R. V. who received 0.5 mg./day and M. F. who received 
ciethylstilbestrol 5.0 me. /day. 

t Normal range. 


estrogen therapy is given in Table 1. In three pa- 
tients (M.G., M. F. and P. C.) the serum copper 
rose to normal or supernormal values. In all 
instances this was accompanied by a rise in 
serum ceruloplasmin as calculated either from 
the difference between the direct reacting copper 
and the total serum copper, or by direct measure- 
ment of the oxidase activity of ceruloplasmin. 
The direct reacting copper showed no consistent 
change in these three patients. In three other 
patients (Y. R., M. A. and R. V.) no striking 
change in the serum copper, ceruloplasmin or 
direct reacting copper was observed. In one sub- 
ject (L. A.) the ceruloplasmin increased slightly. 

The three patients who responded the most 
had the highest initial ceruloplasmin level. In all 
instances, the ceruloplasmin level returned to 
pretreatment values when estrogen therapy was 
stopped. In one subject (M. G.) the serum cop- 
per and ceruloplasmin returned towards control 


75? 
values while he was still receiving estrogen 
therapy. In one patient (P. C.) the serum cerulo- 
plasmin rose considerably above normal follow- 
ing estrogen therapy and coincidental with the 
rise in serum ceruloplasmin the serum bilirubin 
rose from 1.0 mg. per cent to 7.1 mg. per cent. 
The possibility that the rise in serum cerulo- 
plasinin in this patient was in part due to de- 
creased excretion by the liver must be con- 
sidered. However, although an increase in the 
serum ceruloplasmin is a common finding in 
biliary cirrhosis in man [/2], Cartwright and 
co-workers have reported that experimental 
ligation of the bile duct in dogs and pigs failed to 
increase the serum ceruloplasmin level [25]. The 
observed increase in serum bilirubin following 
estrogen administration was not altogether un- 
expected since a rise in bilirubin occurs in some 
cases of cirrhosis of the liver in young adults 
following similar therapy |26|. In the two pa- 
tients studied (L. A. and M. F.) no change in the 
urinary excretion of copper was noted following 
administration of estrogen. Further work will be 
necessary to establish whether or not the urinary 
excretion of copper is elevated in patients who 
show a marked increase in serum ceruloplasmin 
after estrogen therapy. 


RENAL ABNORMALITIES 


The casual observation by Dent in 1947 | 27) of 
increased amino acid excretion in a patient with 
Wilson’s disease with severe liver injury was 
followed by the important disclosure by Uzman 
and Denny-Brown that aminoaciduria was 
a fairly regular accompaniment of the dis- 
ease, even though the plasma levels of amino 
acids were not elevated [28-30]. The finding of 
increased aminoaciduria in Wilson’s disease 
coincided with the delineation of various heredi- 
tary aminoacidurias and, initially, it was tempt- 
ing to place Wilson’s disease into the same 
category, a view which in the light of further 
experimental data is no longer tenable. Although 
Wilson’s disease is commonly associated with an 
increased amino acid excretion it is not an 
invariable concomitant of the disease. Some pa- 
tients may exhibit classic Wilson’s disease with 
normal amino acid excretion |30|. A detailed 
examination of the amino acids in the urine of 
patients with overt disease has shown that al- 
though, in general, the aminoaciduria involves a 
broad spectrum of amino acids there appears 
to be selective excretion of certain amino acids. 
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The excretion of threonine and cystine may be 
increased up to twenty times normal. (The 
urinary cystine excretion may be as high as in 
cases of classic cystinuria.) Excretion of serine, 
glycine, asparagine, valine, tyrosine and lysine is 
increased between five and ten fold. Excretion 
of histidine, ornithine and phenylalanine is usu- 
ally only slightly increased. Proline and citrul- 
line, which are not found to any extent in normal 
urine, are excreted in the urine of patients 
with Wilson’s disease in significant amounts. 
Taurine and methylhistidine, amino acids 
ordinarily present in urine, appear to be excreted 
in amounts slightly less than normal in some pa- 
tients with Wilson’s disease {30]. The precise 
signiicance of the particular pattern of amino- 
aciduria in Wilson’s disease is obscure. Con- 
jugated amino acids also are excreted in in- 
creased amounts in Wilson’s disease. The 
question of whether or not patients with Wilson's 
disease excrete specific peptides, in addition to 
other conjugated amino acids, is less easily 
answered. Uzman has described the presence 
of peptides with dicarboxylic acid residues in 
the urine of patients with Wilson’s disease |3/] 
but thus far isolation and complete identification 
of these peptides has not been reported. 

Aminoaciduria has been noted in a family 
with presumed Wilson’s disease* [32] but it 
should be emphasized that the occurrence of 
aminoaciduria in the absence of disturbances in 
copper metabolism has not yet been reported in 
asymptomatic siblings or in patients with overt 
disease. 

The discovery of excessive aminoaciduria 
prompted the search for increased urinary excre- 
tion of other metabolites normally reabsorbed 
by the proximal renal tubules. Glycosuria may 
occur in Wilson’s disease |29| and is associated, 
in some instances, with a considerable reduction 
in the glucose Tm |33|. The blood glucose levels 
are usually in the low normal range. The urinary 
excretion of phosphate is also increased in Wil- 
son’s disease and may be associated with a low 
plasma phosphate level. In nine patients in 
whom renal clearance studies were performed, 
Cpo,/Ci, was invariably increased, whereas 
Canu.n/ Cin was increased in only seven [33]. 
The increased urinary phosphate excretion and 
the lowered plasma phosphate level may be 
in part related to the old observation that, on 


* Recent unpublished results obtained by O. Forssman 
and C. B. Laurell suggest that this family is not suffer- 
ing from classic Wilson’s disease. 
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Fic. 3. A, patient M. G. Radiographs of the left elbow showing arthritic changes, bone irregularities and sclerosis. 
Note bone fragmentation along anterior and medial aspects of the joint. B, patient R. G. Radiograph illustrating 
fracture head of the right radius showing no evidence of bony union. 


occasion, spontaneous fractures and osteomalacia 
may arise in Wilson's disease [29,34]. 

A systematic radiographic study of the bones 
of nineteen patients with Wilson’s disease has 
revealed significant abnormalities in thirteen 
|.35|. Severe degenerative changes around joints, 
particularly the spine, knees and elbows, asso- 
ciated with narrowing of the joint space, was 
commonly seen, even in young persons. A curi- 
ous fragmentation of the bone in which small 
fragments of bone were seen around the joints 
of the hands and wrists was often evident. Classic 
osteomalacia was rare, but fractures resembling 
Milkman’s lesions were seen in two patients. 
(Fig. 3.) The etiology of the bone lesions is 
obscure but it seems probable that factors other 
than the disturbance of phosphate metabolism 
enter into their etiology. 

Increased urinary urate excretion accom- 
panied by a low serum urate is another common 
metabolic finding in Wilson’s disease [36,37]. 
Studies using N'* have shown that the total uric 
acid pool is reduced, and that the turnover rate 
is doubled |.36|. The defect in renal reabsorption 
of urate may be so great that the uricosuria can 
not be further increased by administration of 
benemid.” Estimations of Tmpay also indicate 
severe impairment in the capacity of the renal 
tubules to excrete this substance {33}. 

The renal lesion in Wilson’s disease bears a 
striking resemblance to that seen in the Fanconi 
syndrome but is not confined to a disturbance of 
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tubular function. The glomerular filtration rate 
is usually lower than normal, as is the effective 
renal plasma flow. The filtration fraction is fre- 
quently slightly increased. The urine pH is usu- 
ally high and urinary loss of bicarbonate may be 
somewhat excessive. Proteinuria, unassociated 
with tubular casts, is a common finding [ 33}. 


THERAPY 


For many years the attitude towards the treat- 
ment of Wilson’s disease was that of therapeutic 
nihilism. Recently, opinions have changed and 
we are now in danger of the pendulum swinging 
too far toward unwarranted optimism. How- 
ever, in recent years the introduction of rational 
therapy has achieved some measure of success. 
Rational therapy has two principal aims: 
(1) to eliminate from the body the excessive 
copper that is already present, and (2) to prevent 
its reaccumulation. Attempts have been made 
to reduce total body copper by increasing the 
urinary excretion of copper. 

In 1948 Mandelbrote and co-workers showed 
that the intramuscular injection of BAL (2,3, 
dimercaptopropanol) resulted in increased uri- 
nary excretion of copper |//|. Following the 
suggestion of Cumings [7] that BAL “might be 
used in an attempt to reduce the copper content 
of the liver and brain in Wilson’s disease’’ many 
workers have used this compound with varying 
success. In some instances the administration of 
BAL has resulted in considerable clinical im- 
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provement |9|; in others, the disease has pro- 
gressed. In the last analysis, any beneficial effect 
of BAL (or any other chelating agent) will 
depend upon its ability to achieve and maintain 
a persistently negative copper balance | 38). 
From a review of the literature and our own 
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Fic. 4. Calligraphic chart illustrating the beneficial effect 
of BAL in one patient with Wilson’s disease. The cross- 
hatched areas refer to the cumulative BAL dosage in any 
one course of treatment. The need for continuous therapy 
is apparent. 


experience it is possible to divide patients with 
Wilson’s disease into two groups which vary in 
their response to BAL. Improvement is seldom if 
ever observed in the group of patients character- 
ized by severe progressive lenticular degenera- 
tion with accompanying widespread destructive 
lesions in the brain. The second group, who suf- 
fer from the pseudosclerotic variety of the disease, 
appear to respond more favorably. However, un- 
equivocal evidence that any particular thera- 
peutic regimen is beneficial in a disease char- 
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acterized by a fluctuating course is difficult to 
obtain. In an effort to demonstrate that in some 
instances undoubted improvement can follow 
the administration of BAL, a patient of the 
pseudosclerotic type was admitted to the hos- 
pital and placed on a diet of fixed composition. 
After a suitable control period a_ therapeutic 
trial of BAL was instituted. In this patient 
improvement invariably followed administration 
of the drug and relapse promptly followed its 
withdrawal. (Fig. 4.) 

It became increasingly apparent during the 
course of this experiment that if improvement is 
to be maintained continuous treatment is neces- 
sary. Unfortunately, the long continued ad- 
ministration of BAL by intramuscular injection 
is painful and the threat of local infection is al- 
ways present. Moreover, in some patients toxic 
reactions to BAL arise which preclude its 
use |38'. Another chelating agent, versene 
(ethylenediamine tetra-acetic acid), has been 
used with some benefit but has the considerable 
practical disadvantage of requiring intravenous 
administration. Urinary copper excretion has 
been reported to be increased by intravenous 
infusion of amino acids |39] or more practically 
by a high protein diet [/2]. 

Recently a considerable therapeutic advance 
has been achieved by the introduction of a 
powerful chelating agent that is effective by 
mouth. Penicillamine (88-dimethyleysteine) has 
been shown by Walshe |4| to increase the 
urinary excretion of copper when given orally. 
Although penicillamine contains only one SH 
group whereas BAL contains two, penicillamine 
is more effective than BAL in increasing the 
urinary excretion of copper in patients with Wil- 
son’s disease. A comparison of the relative effec- 
tiveness of BAL and penicillamine is shown in 
Figure 5. Thus far supplies of the drug have been 
insufficient to answer definitely the question of 
whether or not penicillamine is more effective 
than BAL in achieving clinical improvement. 

Since serum ceruloplasmin is deficient in Wil- 
son’s disease, logical therapy should include its 
replacement, either by continuous infusion of the 
purified protein, or better, by stimulating cerulo- 
plasmin synthesis. Bickel has been unable to 
demonstrate any noticeable clinical improve- 
ment in three patients in whom continuous 
ceruloplasmin infusions resulted in restitution 
of the circulating ceruloplasmin to normal 
levels [47]. Similarly, patients in whom the 
ceruloplasmin level has been returned to normal 
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Fic. 5. A and B, a comparison of the relative effect of BAL and penicillamine on the urinary excretion of copper in two 


patients with Wilson’s disease. 


or supernormal values by the use of estrogens did 
not show any immediate clinical improvement 
[42]. It is clearly of great importance to know 
whether or not the return of the serum cerulo- 
plasmin to normal levels decreases the absorption 
of copper from the intestinal tract. Thus far no 
conclusive evidence is available on this impor- 
tant subject. Whether or not clinical improve- 
ment will eventually occur remains to be 
determined. 


TWO HYPOTHESES ON THE PATHOGENESIS 
OF THE DISEASE 


Two different concepts of the pathogenesis of 
the disease are currently held. One hypothesis 
invokes an unusual affinity of certain tissue pro- 
teins for copper |43|. Consequently, excessive 
quantities of copper accumulate in the liver, 
brain and other tissues. The low ceruloplasmin is 
considered a secondary effect due to diversion of 
the available copper to tissues containing pro- 
teins with increased avidity for copper. In- 
creased absorption of copper is in turn due to an 
increased copper binding capacity of the in- 
testinal mucosa. The primary genetic defect is 
regarded by this school as “the formation of pro- 
teins with high copper affinity.” The amino- 
aciduria and “peptiduria’” are ascribed to 
incomplete tissue metabolism of these abnormal! 
proteins, which leads to the formation and 
excretion of excess amino acids. 
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The second, and more currently favored 
hypothesis, is that the primary effect of the 
abnormal gene, when present in homozygous 
form, is to diminish the normal synthesis of 
serum ceruloplasmin and, possibly, other related 
proteins. Consequently, the copper attached to 
serum albumin cannot be utilized in the synthesis 
of ceruloplasmin. The copper bound to serum 
albumin persists at an elevated level, is excreted 
in the urine and is deposited in tissues where the 
affinity for the copper is greater than that of 
serum albumin. Accumulation of copper in the 
liver and brain leads either directly or indirectly 
to malfunction of these organs. Deposition of 
copper in the kidney may interfere with enzyme 
systems responsible for the transport of a variety 
of substances across the tubular epithelium and 
thus result in the renal lesion already described. 
It is readily admitted, however, that the present 
working hypothesis fails to explain all the experi- 
mental observations. It is not clear, for instance, 
why defective ceruloplasmin synthesis should 
cause increased absorption of copper from the in- 
testinal tract or why feeding of a high copper diet 
to animals, although it results in increased tissue 
copper, fails to cause a condition in any way 
similar to Wilson’s disease. (The possibility is not 
excluded that further experiments using other 
animal species will prove more successful.) The 
severity of the disease does not appear to be 
related to the depression of the ceruloplasmin 
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level, and restitution of the serum ceruloplasmin 
to normal, either by infusion of the purified 
protein or the administration of estrogens, has 
not thus far led to any clinical improvement. The 
improvement which may occasionally follow the 
use of BAL and other chelating agents is not well 
correlated with the magnitude of the increased 
copper excretion. [he reason why, in some cases, 
the lesion is confined to the liver and in others to 
the brain likewise cannot be easily explained on 
the current hypothesis. This difference could be 
due to environmental causes, or more probably, 
to genetic influences still unassessed. 


SUMMARY 


1. Classification of Wilson’s disease as an 
inborn error of metabolism is supported by a 
large amount of evidence concerning the heredi- 
tary and biochemical aspects of the disease. 

2. The primary inherited defect appears to 
involve copper metabolism and is characterized 
by defective synthesis of serum ceruloplasmin, 
low serum copper and increased quantity of 
albumin-bound copper. An increased accumula- 
tion of copper in the liver, brain and other tis- 
sues occurs. The urinary excretion of copper is 
excessive. 

3. The effect of estrogens on the serum 
ceruloplasmin concentration was studied in 
seven patients. In three patients, in whom the 
serum ceruloplasmin was the least depressed, 
administration of estrogens resulted in a rise in 
the ceruloplasmin levels to normal or greater 
than normal values; in one additional instance a 
slight rise was observed. In three patients no 
significant change in the serum ceruloplasmin 
level was demonstrable. 

4. Accumulation of copper in the kidney in 
Wilson’s disease results in a characteristic renal 
lesion, similar in many respects to that seen in 
the Fanconi syndrome. Glycosuria, amino- 
aciduria, phosphaturia and uricosuria may 
occur. In addition, an alteration in renal hemo- 
dynamics is usually demonstrable. 

5. Radiographic examination of the bones 
and joints in nineteen patients with Wilson's 
disease revealed abnormal findings in thirteen. 
Severe osteoarthritis and bone fragmentation 
were common. More rarely, osteomalacia and 
spontaneous fractures also were seen. 

6. The limitations of the various hypotheses 
advanced to explain the pathogenesis and the 
symptomatology of the disease are discussed. 


Acknowledgment: | am greatly indebted to Dr 
Nathaniel Finby for his invaluable aid in the 
interpretation of the radiographs. 
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The Porphyrias as Inborn Errors of Metabolism 


Jan WaALDENSTROM. M.D. 


Malmé-Lund, Sweden 


HE importance of genetics for the study of 
and of metabolic disorders in 
man and animals has been convincingly demon- 
strated in the last. decades. According to the 
writer's opinion the genetic classification is per- 
haps the only really reliable one that may be 
found in these conditions. [t is now well known 
that in a family of hemophilia A or B (Christmas 
disease) all the members remain true to type, 
that is they are either A or B. The same has been 
demonstrated for the hemoglobinopathies, in- 
cluding the different types of hereditary methe- 
moglobinemia. Dent's and Harris’ extensive 
work on the different cystinurias have shown 
the same principle to hold true and my own 
earlier work on porphyria acuta seemed to 
demonstrate that this disease is fundamentally 
a unit apart from the other porphyrias and the 
symptomatic porphyrinurias. Later descrip- 
tions from a number of workers have obscured 
the picture by adding a number of so-called 
‘*mixed”’ porphyrias. It is evident that all these 
new facts must be collected and an attempt made 
to find out if new genetic disturbances can be 
defined. The influence of exogenous factors on 
the genotype must also be investigated. 
Nomenclature. The disturbances of porphyrin 
metabolism associated with increased excretion 
of porphyrins in the urine and feces belong to 
one of two different groups: symptomatic or 
idiopathic. It has been known for approximately 
sixty years that certain poisons Cause an increase 
in urinary porphyrins; such toxic porphyrinuria 
is one of the most important early and objective 
indications of lead poisoning. A large literature 
on porphyrin excretion in urine and feces in dif- 
ferent diseases, the symptomatic porphyrinurias, 
has been published and the reader is referred to 
such reviews as those by Watson and Larson, 
Dobriner and Rhoads |7,2| for particulars. 
The present paper deals with the sdiopathi 
disturbances of porphyrin metabolism. These 
have been called porphyrias and should be dis- 


tinguished from the symptomatic porphyrinurias. 
It must be remembered, however, that in a 
person who is porphyric a disease that causes 
porphyrinuria may also develop. The situation 
may then be quite complicated and I shall try to 
demonstrate that such a combination might 
explain some recent observations of so-called 
mixed porphyrias. 

Giinther |3) was the first to show that there 
were different, types of porphyria cases, or what 
he called “*‘Hamatoporphyrie.”” Since then sev- 
eral systems of classification have been adopted. 
The present author pointed out in 1937 |7 
that congenital porphyria first revealed in child- 
hood as severe sensitivity to light was completely 
different from the so-called acute porphyria, in 
which abdominal colic and sometimes paralyses 
and other neurologic symptoms dominate the 
picture. It was found that acute porphyria was 
not uncommon as a hereditary condition in 
Sweden, whereas porphyria congenita was not 
found in that country. The statement was there- 
fore made that these two maladies should not be 
regarded as different types of porphyria but 
rather as completely separate diseases. The 
presence of porphobilinogen was regarded as 
characteristic of acute porphyria and its absence 
was noted in porphyria congenita. A third group 
of cases had been observed, in which the cuta- 
neous symptoms developed late; these were 
called porphyria cutanea tarda. Subjects with 
cutaneous symptoms were never found among 
the numerous Swedish families with acute 
porphyria. 

Later Watson and his group in Minneapolis, 
chiefly Schmid and Schwartz |5|, arrived at the 
following classification which stresses the local- 
ization of the abnormal process. They call the 
first group photo-sensitive or erythropoietic, and 
the second, hepatic porphyria. In this latter 
group they recognize the following subdivisions: 
(a) intermittent acute, (b) porphyria cutanea 
tarda, and (c) a mixed type, a and b. In this 


* From the Department of Medicine, Malmo General Hospital, University of Land, Sweden. 
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paper | shall discuss these different systems 
and try to find a better classification, if possible. 

Biochemical Considerations. Before entering 
upon the sulyect of heredity | must give a short 
survey of the chemical basis for the understand- 
ing of the porphyrias. Hematoporphyrin was 
found by Fischer to be a synthetic product not 
occurring in nature. The porphyrin in hemo- 
globin is a protoporphyrin with only two car- 
boxvl groups. Normal feces also contains smal! 
amounts of a tetracarboxylated porphyrin which 
was called coproporphyrin by Fischer (6). It is 
soluble in ether, as is the protoporphyrin. The 
presence of four more carboxyl groups makes 
this octacarboxvlic acid insoluble in ether and 
most organic solvents. [This substance was first 
isolated by Fischer |7) from the urine in a case of 
congenital porphyria and therefore called uro- 
porphyrin. It is easily precipitated from the urine 
alter slight acidification. Its spectroscopic char- 
acteristics are different trom coproporphyrin 
but unequivocal identification requires purihica- 
tion and esterification, with melting point deter- 
minations of the esters. Copro- and uro- 
porphyrins are most important for the diagnosis 
of the porphyrias. 

It was also Fischer who first introduced the 
concept of a dualism among the porphyrins. This 
investigator found that the natural copropor- 
phyrin occurs in two isomers. The 8 substituents 
of the four pyrroles are cither methyl (M) or 
propionic (P). Their sequence may cither be 
regularly alternating or irregular. The first 
Fischer called type t and he could show that the 
uroporphyrin in congenital porphyria belongs 
to this type. Protoporphyrin in heme is a type m 
porphyrin. Space does not allow a detailed dis- 
cussion of the biological occurrence and impor- 
tance of these isomers. 


M P M P 


P M 


means an unsubstituted pyrrole. 
M means methyl group. 
P means propionic group. 


In coproporphyrin there are four propionic acid 
substituents, in uroporphyrin the methyl! groups 
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are carboxviated. [There is thus an alternation 
between acetic and propionic acids. Type 1 
may be thought to arise when one pyrrole 
nucleus is rotated. 

It was found by the present author | 4) that a 
colorless pathologic substance also was regularly 
excreted in the urine in acute porphyria. [his 
chromogen condensed to form uroporphyrin, 
which could be demonstrated spectroscopically. 
Its chief characteristic is a brilliant red color with 
the Ehrlich reagent. The Schwartz-Watson test 
is based upon this reaction |4). [The primary 
colorless chromogen was later called porpho- 
bilinogen (PBG) as it could couple with itself to 
form either a ring compound, uroporphyrin, or a 
red non-crystallizable chain compound, a pig- 
ment that we called porphobilin. Acidification 
and heating favored this process |9|. Porpho- 
bilinogen was first crystallized by Westall | 70). 
The recent brilliant chemical work of Rimine- 
ton |/7| and of Neuberger |/2) and their groups 
in London, and of Shemin and colleagues 
—13,14,15| in New York, has shown that PBG is 
the biologic precursor of protoporphyrin and 
that the sequence must be a successive condensa- 
tion of four molecules to uroporphyrin and 
subsequent decarboxylation from uro- |8) via 
copro- |4| to proto- |2| porphyrins or their 
derivatives. 

Shemin has shown that PBG is formed through 
the condensation of two molecules of delta amino 
levulinic acid (ALA) | /6,/7|. It is now evident 
that a patient with acute porphyria may excrete 
not only porphobilinogen but also ALA (7/8). 
Different disturbances in the whole series of 
intermediates between this simple amino acid 
and the highly complicated uroporphyrin may 
therefore account for the various biochemical 
and clinical manifestations of the different 
porphyrias. 

The natural porphyrins are usually identified 
by their solubility in ether, their spectroscopic 
characteristics, and the crystal form and melting 
points of their esters. They all show a strong 
fluorescence in Wood's light. This accounts for 
the so-called photodynamic action that they 
share with other fluorescent pigments, for exam- 
ple, eosin. 


CONGENITAL PORPHYRIA 


Congenital porphyria is one of the rarest 
human diseases. Schmid et al. [79,20] recently 
made a critical study of all the published cases 
in the light of our present knowledge of other 
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hic. 1. Shows the age distribution of porphyria cases with cutaneous symptoms. Stippled 
areas indicate congenital porphyria. The age at onset of the two oldest cases is not definitely 
established. Diagonal lines indicate probable cases of protocoproporphyria. Horizontal lines 
indicate porphyria cutanea tarda symptomatica (from Brunsting, Tappeiner and Bolgert, 
and from some other authors. Some of the younger cases are regarded by Brunsting as mixed). 


forms of porphyria. They found that the major- 
ity of cases in the literature did not conform to 
the rigid and logical criteria of photo-sensitive 
or erythropoietic porphyria and they accept 
only thirty-four instances as true congenital 
porphyria. (Fig. 1.) The others they regard as 
porphyria cutanea tarda. Nineteen were females, 
fifteen were males. The excretion of porphyrins 
in the urine is usually present from birth. 
The mothers note that the child’s diapers are 
colored red by the urine. The urine contains 
chiefly uroporphyrin and some coproporphyrin, 


but never PBG: it is therefore red because of 


the presence of porphyrins. Porphyrins are 
present in the blood. Splenomegaly and anemia 
are common symptoms. Both the deciduous and 
permanent teeth may be colored red or brown- 
ish and fluoresce strongly in Wood’s light. This 
is explained by the fact that uroporphyrin its 
precipitated in the bony substance. The skeleton 
is therefore brownish, fluoresces vividly in ultra- 
violet light and contains large amounts of uro- 
porphyrin. The feces and bile contain copro- 
porphyrin in large amounts. 

These unfortunate patients suffer from severe 
light sensitivity. Ultraviolet light causes ery- 
thema, bullae and ulcers, depending on the 
degree of exposure. The face and hands may 
mimic leprosy, with severe mutilations of the 
finger tips, ears and nose. The heroic experi- 
ment of Meyer-Betz, who injected hemato- 
porphyrin into himself and in whom severe 
cutaneous symptoms developed after light ex- 
posure, definitely proved the role of the fluores- 


cent porphyrins in the disease. It is very dithcult 
to provide sufficient protection against the 
actinic influences even of daylight and the pa- 
tients are therefore better off if they can work at 
night and stay in the dark during the day. In 
some patients however, light sensitivity alone 
does not dominate the picture. The erythro- 
poietic function also is markedly affected. This 
problem has been beautifully elucidated by 
Schmid, Schwartz and Sundberg [5]. These 
workers showed, with the aid of the fluorescence 
microscope and an extremely refined fluores- 
cence microspectrograph, that some erythro- 
blasts in the bone marrow contained large 
amounts of uroporphyrin. The severe anemia 
that may develop early in these patients was 
thought to arise, in part, from insufficient for- 
mation of protoporphyrin from uroporphyrin. 
The porphyria is “erythropoietic.”” A hemolytic 
component is obviously also at work, as some 
patients have improved considerably after 
splenectomy. I shall not discuss these clinical 
problems in detail. 

It seems probable that congenital porphyria 
is an inborn error of metabolism, as was as- 
sumed by Garrod in 1923 |2/|, but we know 
surprisingly little about the heredity of this con- 
dition. The trait has never been observed in suc- 
cessive generations. It has usually been assumed 
that a rare recessive gene is responsible but the 
number of cousin marriages among the patients’ 
parents noted in the publications is remarkably 
small {22| and occurrence among several siblings 
is also uncommon. (Table 1.) 
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It is therefore not definitely proved thatthe 
disease is hereditary in man. A similar disturb- 
ance has been noted in pigs in Denmark | 29) and 
in cattle in South Africa. Rimington started his 
important work on porphyrins in 1936 at 
Onderstepoort with a study of such animals. The 


Taste 
CONGENITAL PORPHYRIA IN SIBLINGS 


Reference No. Affected 


Two brothers affected, 
probably one sister 

‘I wo sisters severely 
anemic, died before 
the age of two 

Brother and sister 

I wo sisters 

Three siblings 

‘IT wo brothers, one sister, 
six healthy siblings 


\nderson $277) 


Sato and Takahashi (27 


Kitagawa, Matsuoka (25.2% 
Hernando (Corisa) | 27) 
Hernando (Medina) 
May ect al. | 28). 


bull from which a number of affected animals 
descended was crossed with one of his offspring. 
Neither of the parents showed any signs of disease 
but a male calf had typical porphyria congenita 
This definitely indicates that the affected 
animal was homozygous. It seems proved that 
bovine congenital porphyria is an inborn error of 
metabolism with recessive heredity and the 
analogy with the human disease would appear to 
be close. 


PORPHYRIA CUTANEA TARDA (PCT) 
SYMPTOMATICA 


The original concept of porphyria cutanea 
tarda (PCT) as a definite entity requires revision. 
By definition, this type of porphyria was ex- 
pected to show cutancous symptoms late in life, 
in contradistinction to the congenital type with 
onset in early childhood. In this latter condition 
the cutaneous manifestations also were usually 
severe and disfiguring. The literature (Table u) 
as well as my own experience indicates that 
PCT is usually found in men more than 40 years 
of age. The reason for this male preponderance is 
that nearly all these patients were alcoholics. 
Even among the women this holds true. Signs 
of disturbed liver function are usually present. 
Liver cirrhosis of severe degree is not common 
and postmortem examinations are scarce. One 
patient that I have seen in consultation was later 
reported on by Paul, Engstr6ém and Engfeldt 
| 37). It was found that the skeleton was brownish 
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and contained large amounts of uroporphyrin. 
The liver showed severe cirrhosis. 

I shall not enter upon a discussion of the 
clinical picture in PCT symptomatica. The 
photosensitiveness ts not as marked as in por- 
phyria congenita but it is typical that the lesions 


Taste 
SEX AND AGE DISTRIBUTION IN PORPHYRIA CUTANEA TARDA 
SYMPTOMATICA 
Age (vr.) 
Ketereme Country Men Women 
Mini- Maxi- 
and SGmagi //| Hungary 10 2 26 64 
Brunmeting | U.S.A 26 34 65 
Wateon U.S.A 19 4 
Borda Argentina 35 56 
Helgert et al trance 7 2 35 68 
lappeiner Nustria 32 66 
76 20 


occur on exposed skin areas (face, hands, arms). 
The mechanical factor is obviously of great 
importance in the production of blisters that may 
later ulcerate and lead to scar formation. Intense 
pigmentation is characteristic, as is also the oc- 
currence of hypertrichosis on the face. The 
reader is referred to the excellent reviews by 
Brunsting |32| and by Tappeiner {36}. 

There is, however, a small number of cases in 
which alcoholism cannot be suspected. These 
patients belong to two different age groups. [he 
first is comprised of young persons usually in or 
immediately after puberty. The other is com- 
prised of elderly persons of both sexes. The most 
striking instances in both groups were recently 
published by Tiong Hoo [38]. This author ob- 
served an 80 year old woman who had suf- 
fered from blisters during the preceding year. 
She had sixteen brothers and sisters, who had 
never had any similar complaints. Her five 
children were healthy also, and chemical 
examination of urine and feces gave normal 
findings. The diagnosis of porphyria cutanea 
tarda was made. It was also found, however, 
that she had a large palpable tumour in her 
abdomen. This was resected and was diagnosed 
as liver cell adenoma (weight 520 gm.). It 
looked benign histologically, showed strong 
fluorescence in Wood's light and contained 
considerable amounts of proto-, copro- and uro- 
porphyrin but no porphobilinogen. Her urine 
before the operation had contained considerable 
amounts of uroporphyrin and smaller amounts 
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of coproporphyrin but no porphobilinogen. Her 
serum fluoresced strongly before the operation 
and this continued for about one month after the 
operation and then disappeared. Most interest- 
ing was the finding that the excretion of por- 
phyrins in the urine also returned to normal 
values after the operation. At the same time the 
condition of her skin became normal. She has 
been re-examined by Dr. Hoo for one vear and 
a half and has remained perfectly well. It is 
remarkable, however, that the content of proto- 
and coproporphvyrin in the feces never returned 
to really normal! values. This woman obviously, 
suffered from a clinical picture that must be 
diagnosed as porphyria cutanea tarda. The 
definition of porphyria does not scem to apply 
to this case, however, as her porphyrin disturb- 
ance must have been caused by the liver cell 
adenoma and was therefore symptomatic and 
could be abolished by operation. Her famil 
history, furthermore, was entirely negative. This 
is a unique observation of spurious porphyria 
in which the site of the metabolic defect was 
extirpated. Parallels might be drawn with chori- 
onepitheliomas producing gonadotropin. Similar 
is a case of malignant argentaflinoma contained 
in an ovarian teratoma, in which the whole 
metabolic effect disappeared alter extirpation of 
the tumour |39'. Another case that is probably 
similar has been published by Hamminga |#%,, 
curiously enough also from Holland. PCT de- 
veloped in an old lady who had tumors in the 
liver. There was no histologic confirmation 
however. 


PORPHYRIA CUTANEA TARDA HEREDITARIA 


The other group comprising a number of 
youngish persons has not been clearly defined. 
The best description is by Tiong Hoo | 38). This 
author investigated a family with clinical symp- 
toms typical of PCT. There were five affected 
females and four affected males. The only re- 
markable thing was the fact that blisters oc- 
curred on the skin at an early age (in two at 
twenty-three years, in three at sixteen, in one 
at seventeen, in one at twenty-two, in one at 
twenty-eight and in one at thirty). (Fig. 1.) 
It is evident from the data in the pedigree that 
both copro- and protoporphyrins were present 
in large quantities in the feces and that uro- 
porphyrin was sometimes identified in the urine, 
consistently so in only three patients, and 
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in much smaller amounts than copropor- 
phyrin. PBG was always absent. The chief 
disturbance probably lies in the excretion of 
protoporphyrin in the bile, and also of a smaller 
amount of coproporphyrin by the same route. 
Wells and Rimington |4/) have observed a 
brother and sister, aged twenty-five and nineteen 
when the symptoms began, who showed the same 
metabolic disorder. It should also be noted that 
the patient described by MacGregor, Nicholas 
and Rimington |72) was a bov who started to 
have his symptoms at the age of eleven. The girl 
observed by Discombe and Treip |.43) was twenty 
vears old, and a patient described by Gray and 
Rimington [44] was a boy of twenty-two. Calvert 
and Rimington’s patient |45) started to have 
blisters at the age of twenty-four. At twenty-six 
he had a typical severe attack of acute porphyria 
with quadrilplegia. Only then was PBG found, 
in addition to uroporphyrin. These young persons 
always excreted large amounts of proto- and co- 
proporphyrin in the feces during a remission. It 
was noted by Rimington, however, that during 
an attack the feces contained less porphyrins, 
whereas the urinary output increased consider- 
ably. This reciprocity in the excretory function 
of liver and kidney is, according to Rimington, 
the fundamental fact in this disease. These 
patients suffer from an inborn error of metab- 
olism that might perhaps be called  proto- 
coproporphyria. As long as the liver is able to 
take care of the porphyrin and excrete it through 
the bile the patient suffers no harm and only 
careful chemical examination of the stools will 
reveal the presence of the malady. Rimington 
3! has drawn an interesting parallel to “ictero- 
genin™ jaundice that occurs in sheep who have 
been grazing on Lippia rehmanni and have 
suffered secondary damage to the liver. Patients 
with this type of porphyria are usually icteric 
during the attack and the alkaline phosphatase 
values may be increased. Bilirubinuria may also 
be found. The case histories are presented in 
great detail, with an excellent discussion, and 
the reader is referred to the original papers for 
clinical information. 

Hijmans van den Bergh and Grotepass |4) 
in Holland had earlier noted two cases in which 
there was porphyrinemia without porphyrin- 
uria. Uroporphyrinuria was quite transitory but 
serum, bile and feces contained large amounts of 
proto- and coproporphyrin. One of these pa- 
tients had cutaneous symptoms. The ages of 
these patients are not stated. Similar cases of 
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idiopathic coproporphyrinuria, as they have 
been called by Watson, have been described 
by Taylor et al. [47| and by Watson | 33). One 
of Watson's two patient's also had protopor- 
phyrin in his feces; the other had only copro- 
porphyrin. Porphobilinogen could never be 
found in these cases but it is interesting to note 
that MacGregor and Rimington’s patient (42) 
had a number of attacks of severe colic and died 
in the last attack with mental confusion, paroxys- 
mal hypertension and respiratory paralysis. Dur- 
ing this last phase porphobilinogen was found in 
the urine. (See also | 45). This seems quite im- 
portant for the discussion of a connection 
between porphobilinogen and nervous symp- 
toms. To my mind this is not a mixed porphyria. 
The symptoms indicate breakdown of porphyrin 
metabolism generally, with excretion of pre- 
cursors only during the attack. 

Comments. To sum up our present knowledge 
of cutaneous porphyria it might be said that 
there are three or possibly four different types. 
A large number of cases occur in chronic alco- 
holics. This explains the general preponderance 
of males. Liver damage is probably the cause in 
these cases, as well as in the many observations 
of PCT in the South African Bantu population 
4S|. Another type, in which the disturbance also 
is symptomatic, is the patient with liver cell 
adenoma |38|, and probably one of my own 
observations as well as the case reported by 
Hamminga |). These types are not true por- 
phyrias. Chronic protocoproporphyria mainly 
in the bile and feces, probably inherited as a 
dominant trait, may be completely symptom- 
less and therefore remain undetected or give 
rise to intermittent attacks with jaundice, 
bilirubinuria, porphyrinemia and light sensi- 
tivity probably caused by transient hepatic 
insufficiency. (Reciprocity theory of Riming- 
ton). This malady usually first becomes manifest 
about puberty. Only when porphyrin metab- 
olism is severely disturbed may porphobilinogen 
appear in the urine and only in such cases have 
colic and paralysis been noted (as in acute 
porphyria). The sequence may be: (1) latent 
(feces) (2) cutaneous (urine) and, rarely, (3) the 
final appearance of PBG in the urine and symp- 
toms of AIP. Idiopathic coproporphyrinuria 
probably belongs to this group but the family 
recently described by Berger and Goldberg | 49| 
is more difficult to group among the porphyrias 
until more observations are available. No light 
sensitivity was found in these patients. Some 
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other cases in the literature are also difficult to 
group. 

In the so-called mixed or combined cases 
described by Watson, by Brunsting and above 
all by Dean and Barnes occurring in Caucasians 
in South Africa |50| the subjects possibly suffer 
from acute porphyria, with some superimposed, 
possibly toxic, influence. They will be discussed 
in the next section. The case published by Kuske 
57) is of great interest but lacks analysis of the 
porphyrins and of the genealogy. 


ACUTE PORPHYRIA 


It has already been pointed out that the 
designation of the third large group of the 
porphyrias, namely acute porphyria, really is 
misleading. The metabolic defect obviously is 
very often inherited, that is, it must be present 
in some form at birth. The metabolic disturbance 
is therefore distinctly chronic, even if there are 
attacks of an acute type. The term “porphyria” 
should probably be dropped as the malady 
really is a profound basic disturbance in pyrrole 
metabolism. The name “pyrrolia” has been 
somewhat facetiously suggested by the present 
author! The best designation is probably the 
addition of intermittent to acute, as was first 
suggested by Watson. I shall therefore call this 
disease acute intermittent porphyria (AIP) in 
what follows. 

The clinical picture is quite uniform in most 
cases, even if different types may be distin- 
guished. [he latent form is diagnostically impor- 
tant as most patients show some metabolic 
stigmata even in the periods between attacks. 
It is interesting to note that such stigmata have 
never been found in children who must be car- 
riers of the trait when manifest AIP later 
develops. This is quite compatible with the 
fact that manifest AIP is practically unknown in 
voung children. Very rare exceptions were pub- 
lished by Watson [33). It is seen from the dia- 
eram (Fie. 2) constructed from our data on 219 
manifest cases in Sweden that the age of onset of 
symptoms usually is some time after puberty. 
Rarely, however, symptoms appear for the first 
time much later in life. Only five patients had 
their first symptoms before fifteen vears of age. 
There are 131 males and 190 females in the 
whole group; in our largest family the sex 
distribution is exactly the same, that is, fifty-four 
males (40 per cent) and eighty-three females (60 
per cent). 

Abdominal colic is not only the usual initia! 


764 
symptom but also the most common sign 
of the disease. These colics are usually extremely 
painful and patients have told me that the pain 
they experience in the abdomen cannot be 
compared to other types of pain such as child- 
birth, lithiasis or a severe toothache. The attack 
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Fic. 2. Age at first manifestation of acute intermittent 
porphyria (AIP) in Sweden. 


is a typical colic. The patient wishes to press 
something against his abdomen and this desire 
sometimes Causes an erroneous interpretation of 
the condition as hysterical. Loud shrieks and a 
curious position in bed are in themselves rarely 
noted in other somatic abdominal diseases 
and the fact that psychic symptoms, often of a 
psychotic nature, may follow the abdominal 
complaints makes it understandable that a 
number of these patients are transferred to 
asylums or are heavily sedated as instances of 
acute delirium or hysteria. Objective anatomic 
findings are often missing and the only diag- 
nostic criterium is overlooked because the color 
of the urine is not given enough importance in 
modern medical hospital diagnosis. At this stage 
of the disease the patient is usually brought to a 
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surgical ward and many of these unfortunate 
patients are subjected to multiple operations as 
the surgeon does not dare to take the responsibil- 
ity for not opening the abdomen. The abdominal 
operations performed are indicated in Figure 3. 
The presence of slight fever, leukocytosis and 
tachycardia are all compatible with an attack of 
porphyria but their importance is naturally 
difficult to interpret in a given case. On the 
whole it may be said that the pulse rate is by 
far the best indication of the state of intoxication. 
Not until the pulse rate has come down is the 
patient to be regarded as safely on the way to 
remission. Vomiting may be an alarming symp- 
tom as it leads to electrolyte derangements that 
may become difficult to compensate. The tend- 
ency towards oliguria may be accentuated by 
the vomiting and large amounts of parenteral 
fluid should then be given. The volume of the 
urine should always be kept high. The different 
types of symptoms seen in our material of 233 
well analyzed Swedish cases are indicated in 
Table 

I shall not enter upon a lengthy description of 
all the possible symptoms but concentrate upon 
one of the most important groups from the 
prognostic point of view, namely the nervous 
disturbances. It has already been stressed that 
severe mental derangement is a not unusual 
finding (28 per cent), usually in association 
with colic. In a few patients this mental confusion 
dominates the picture and there are also rare 
instances in which a comatose state develops. 
The most important type of neurologic disturb- 
ance, however, is a paralysis of skeletal muscles. 
This paralysis was usually described as being of 
the so-called acute ascending (Landry) type. The 
present author has shown |4| that this is an 
interesting example of a scientific cliché that is 
passed on from one author to a Of one 
hundred patients with pareses not ofie showed a 
typical ascension of the paralysis. The pareses 
are scattered quite irregularly and no definite 
pattern can be made out. They may develop as 
slight feebleness, often accompanied by aching 
and tenderness of the muscles. Sometimes this 
stage is transitory and restitution may occur 
quickly. The symptom is quite common even 
when no paresis develops. In severe cases, how- 
ever, widespread paralyses occur and I have 
seen patients with complete paralysis of the 
limbs, as well as involvement of several cranial 
muscles. Respiration is then very shallow but 
usually suffices to keep the patient alive. Before 
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(B) Normal 


(A) Hysteria (C) AIP 


Fic. 3. Number and type of operations in forty-three female patients with AIP from Sweden. 
(C) o means probably correct diagnosis. “Appendicitis,” gynecologic diagnoses and “ileus, 
volvulus, ulcus’’ predominate. “‘Normal™ and “hysteria” quoted from Conen, J. A. M. A., 


1953. 


restitution sets in these patients become maxi- 
mally emaciated and look like skeletons. In spite 
of this fact restitution may become practically 
complete. Death usually occurs from respiratory 
paralysis but I have also seen patients die in 
coma or from incurable cachexia. A colleague 
who has seen many cases of porphyria in Lap- 
land made the rather striking remark: “When 
somebody dies from hysteria in this province 
she usually suffers from acute porphyria.” 

It is remarkable that few symptoms implicat- 
ing the sensory nervous system have been 
observed. Pain (headache, neuralgia) is not un- 
common. Most interesting in this respect is the 
occurrence of sudden amblyopia which may be 
transitory. Cutaneous senses are usually not 
impaired. Epileptic fits occur in about 10 per 
cent of the cases. If interested in the neurologic 
and psychiatric aspects of the disease one should 
study reviews of this subject [52,53]. 

Treatment. This paper will not go into details 
regarding the treatment of porphyria. Prognosis 
has been much improved by recently devised 
therapeutic regimens. Nineteen members of our 
largest porphyria family in Sweden died from 
porphyria during the period from 1927 to 1937 
whereas only two died in the next ten year 
period, indicating that therapeutic and, above 
all, prophylactic measures may be important. 
The principles are the following: Oliguria is 
often present, sometimes together with azotemia. 
Fluids should be forced parenterally if vomiting 
is severe in order to maintain a diuresis of 2 to 3 
liters. Severe constipation should be counter- 
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m* 
SYMPTOMS OF ACUTE PORPHYRIA 


Number Per 


of Cases cent 
Vomiting . 140 59 
Constipation... 112 48 
Localized pareses.... .... 99 42 
Hypertension... . 93 40) 
Tachycardia... | 66 28 
Delirium... . 
Hysteria. 38 16 
Arefiexia...... 37 16 
Cephalalgia. . 32 14 
Anathy... .. 26 11 
Convulsions 24 10 
Neuralgia... . 24 | 10 
Azotemia. 24 10 
Sensory disturbances... 9 
Proteinuria... .. | 22 9 
Diarrhea...... | 21 9 
Pigmentation....... 16 7 
Leukocytosis.... 16 7 
Transitory amaurosis. . 9 4 
3 
eee 7 3 


* Unpublished data from B. H. Aronsen. 


acted with enemas, saline, cathartics and 
prostigmine. Pains and restlessness can be treated 
with opiates. Under no circumstances should 
barbiturates or other synthetic sedatives be used. 
Recently Watson |5¢| has advocated the use of 
chlorpromazine and similar substances. We have 
tried them in several cases with good results and 
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have seen no harmful effects. In regard to the 
dangers of synthetic drugs, the reader is referred 
to papers in the Ciba Symposium |/5)| and the 
Roche meeting |60|. One of the most important 
facets in the treatment of patients with AIP is to 
avoid all barbiturates and other sleeping pills. 
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Fic. 4. Map of Sweden showing the known cases of acute 
porphyria from each province (upper figure), incidence 
of different genes at the present moment (first of lower 
figures) compared to thousands of inhabitants in the same 
district (last figure). For Stockholm this means seventy- 
nine known cases from ten different non-related families 
in 1.5 million inhabitants. 


Opiates may be used however. Toxic sulphonal 
porphyria may be seen in a previous latent 
porphyria. 

Acute intermittent porphyria, AIP, has al- 
ways been regarded as a rare disease. It ts 
quite obvious that the condition is much more 
common in certain countries or districts than In 
others. The map of Sweden that is reproduced 
in Figure 4 shows the number of affected persons 
who are descendants of patients living ina certain 
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province, it is easy to see that there are more 
cases in the northern part of Sweden than in the 
rest of the whole country, in spite of the fact that 
the total population in this district is only one- 
sixtieth of that of the whole country. This is 
chiefly explained by the fact that one large 
family with no less than 137 known porphyric 
subjects lives in the Northern province of Lap- 
land. All the descendants of this family have been 
considered to originate from the Northern 
province even if they themselves were born in 
other parts of the country. In spite of elaborate 
genealogic work there are a number of families in 
Northern Sweden that cannot be traced back 
to this largest family. On this account we there- 
lore also find the largest number of different 
families with porphyria per 100,000 inhabitants 
in this same area. This may depend upon the 
fact that the chances for new mutations are 
especially great in this part of the country or also 
that our genealogic work-up has not been com- 
plete enough. This question will be discussed 
later. It is an important fact, however, that 
whereas the incidence of AIP patients in this 
part of the country is about 1:1000, their 
incidence in the rest of Sweden is 1.5) 100,000, 
This high frequency is in itself quite probably 
due to the interest that the Swedish medical 
profession has shown in this disease during the 
last twenty vears. In recent vears Dean and 
Barnes 50) have studied several large families 
with AIP in South Africa. It is evident that the 
penetrance of the dominant gene in_ these 
families was of the same kind as in our great 
family from Northern Sweden. Under such 
circumstances the presence of one porphyria 
family with many descendants may alter the fre- 
quency of porphyria in a whole country. Exo- 
genous factors are probably of importance for 
the unusual! clinical picture that is described by 
Dean in some of his cases. 


MIXED PORPHYRIA 


The most difficult group of cases comprises 
what Brunsting |32|, Watson |.33| and others have 
called mixed porphyria. [These patients may start 
with complaints indicating acute intermittent 
porphyria and cutaneous porphyria develops 
later. Some observations are difficult to inter- 
pret as many patients with PCT have signs of 
liver cirrhosis, and “colic” is a common symp- 
tom in this disease. More specific for AIP are 
neurologic symptoms such as acute delirium 
and generalized paresis. At least three or four 
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patients in the literature have unquestionably 
had neurologic signs of porphyria in association 
with cutaneous manifestations. It is remarkable 
that such episodes were always accompanied by 
the excretion of PBG that was otherwise not 
found in the urine. Most puzzling are the ob- 
servations by Dean, Barnes, Scott and Grote- 
pass |55| and others in South Africa. These 
authors have shown that typical PCT is com- 
paratively common in some Bantu populations. 
It is a well known fact that nutritional cirrhosis 
is also common in South Africa. Alcoholism on 
the other hand does not seem to play an impor- 
tant part. The combination of liver damage and 
excessive radiation from the sun may perhaps 
explain some of these cases |50|. It has been 
shown that intense radiation may increase the 
output of porphyrins. 

Among white persons living in the same 
African districts a curious cutaneous malady 
has been described, also occurring in families 
as a dominant trait. [The histories are typical 
of AIP and death may occur with neurologic 
symptoms. Data regarding the excretion of 
PBG have not yet been reported. The involve- 
ment of the skin does not seem to be identical 
with that seen in PCT and it is ditheult to deter- 
mine whether or not the previously mentioned 
cutaneous changes in the Bantus are similar 
to those seen in the white persons with AIP. The 
simplest explanation of this combination would 
be that in people with acute porphyria, after 
their liver has been damaged in a certain way 
that is not too uncommon in South Africa, 
cutaneous symptoms may develop superimposed 
upon their AIP. Dean has also stressed the im- 
portant part played by the strong sunshine. A 
conclusive discussion of this problem must be 
postponed until the cases have been published 
in detail, with photographs and biochemical 
data. 

In Watson's large experience there are also a 
few patients who have suffered from cutaneous 
symptoms and in whom AIP has then developed, 
but the reverse sequence also has been seen 
(56,57|. My own experience is of course limited 
but I know the case histories of no less than 324 
Swedish patients with AIP and have had per- 
sonal contact with most of the families. In this 
group I have found no patient with symptoms 
indicating PCT. This latter disease is by no 
means unknown in Sweden; I have seen a num- 
ber of patients, none of whom have had relatives 
with AIP. I am therefore of the opinion that in 
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our country—as in most others—AIP remains 
true to type and is entirely separate from the 
cutaneous porphyrias. 


HEREDITY OF THE PORPHYRIAS 


It is probable that congenital porphyria is 
inherited as a recessive trait; this seems to have 
been definitely proved in cattle. In regard to the 
other cutaneous porphyrias, protocopropor- 
phyria may obviously be dominant [.38). 
Whether or not other modes of inheritance also 
occur cannot be definitely settled before we have 
more observations. The family history reported 
by Goldberg and Berger |49|, which is unique 
thus far, indicates recessive heredity in this 
special disturbance even if the heterozygotes were 
biochemically recognizable. 

Acute intermittent porphyria has been known 
to occur in families since the beginning of the 
1930's (4,58). Concordant appearance in uni- 
ovular twins is usually regarded as a sign of 
heredity. We have one such couple in the 
Swedish case material. Both sisters fell ill at 
about the same time, when they were thirty-five 
vears of age. One died, the other recovered and 
has since been free from acute symptoms even 
though her urine still shows a marked increase 
in PBG but curiously enough not in ALA. 

It would, of course, be of great interest if we 
could find an expression for the number of 
“independent genes,” that is, the number of 
new mutations in the same locus causing 
porphyria in different parts of Sweden. Such an 
investigation must be based on the assumption 
that porphyria is always a genetically deter- 
mined disease with at least two members in one 
family showing the biochemical signs character- 
istic of AIP. This is impossible however. It 
must be remembered that negative biochemical! 
findings in a family do not exclude a genetic 
basis for a disorder. There are three reasons for 
this. (1) The propositus himself may be the 
first mutation. (2) Even when there are several! 
siblings chance might explain why only one is a 
carrier. (3) We know that even persons who have 
suffered from AIP for long periods and have had 
acute episodes may stop excreting PBG, and thus 
become “normal” even after thorough biochemi- 
cal investigation. Such intermittent excretors of 
PBG were described in 1937 [4]. It is probable 
that such cases will become much rarer when 
they can be examined with the aid of modern 
refined technics for the demonstration of PBG 
and ALA. 
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Let us now assume that AIP always occurs as 
an inborn error of metabolism. Let us further 
examine the pedigrees of all such patients in 
Sweden. This has been accomplished for the 
total number of 321 Swedish cases. One hundred 
and thirty-seven were found to belong to the 
same family. The three next largest families 
comprise fourteen, twelve and nine porphyric 
members. They also come from Lapland, three 
of them are ethnically Laps. This seems inter- 
esting when we remember the correlation be- 
tween Negroes and pathologic hemoglobins or 
Levantines and thalassemia. [t could perhaps be 
imagined that the “penetrance” of the porphyria 
gene is strongest in persons with Lap ancestry. 
The presence of modifying genes may be as- 
sumed. In spite of very thorough search nearly 
all porphyria families in the rest of the country 
are smaller: one seven—, two six—, two five-, five 
four—, three six—, six two-member porphyria 
families are scattered over the country. his 
would mean that 242 of the 321 porphyria cases in Swe- 
den definitely are familial. It has already been 
pointed out that familial incidence of a por- 
phyrin disturbance does not necessarily mean 
that the disorder is genetically determined. | 
do not know of any case, however, in which each 
of two unrelated parents suffered from AIP. The 
only example from the literature that could 
possibly be adduced as indicating common 
exogenous influences (where endogenous factors 
could be excluded) is the old observation by 
Ranking and Pardington in 1890 that two un- 
related persons living in the same house both fell 
ill with porphyria. In my material from Sweden 
porphyria has often been noted to occur in 
successive generations, the record being four 
generations. It has also occurred in first cousins, 
uncles and aunts and second cousins of propositi. 
It therefore seems definitely proved that the 
majority of cases in Sweden have a genetic basis 
for their disease. 

Assuming that every patient with acute inter- 
mittent porphyria in Sweden has a genetic 
basis for his disease, we have worked out pedi- 
grees for every known case. At present, 4,450 
relatives of porphyric subjects have been identi- 
fied and indexed. In about twenty-five persons 
it was impossible to obtain a reliable pedigree 
(some important ancestor could not be traced 
correctly, family data regarding the patient’s 
birth place were faulty, etc.). The ancestry of 
294 cases has been investigated back more than 
one hundred years. In several families the pedi- 
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gree could be traced back for approximately 
300 years. When it was found that seemingly 


‘unrelated cases had a common ancestry we 


only investigated the section of the genealogy 
in which the porphyria gene was present. In this 
way we have worked out a number of pedigrees 
in which it could be assumed with certainty that 
there were carriers of the gene who had not 
shown signs of porphyria. We have defined as a 
carrier a person whose children, nephews or 
siblings have been definitely proved to be 
porphyric. Such persons are found in large 
numbers and their biochemical status may be 
examined, their state of health may be ascer- 
tained in retrospect, when they are dead, and 
their age at death may be learned from the 
churchbooks. In most instances the symptoms at 
death have also been noted down by the parish 
clergyman. An analysis of these data would 
require too much space here but it may be said 
that no facts have been found that might indi- 
cate the presence of unrecognized porphyria in 
these earlier generations. A discussion of this 
interesting fact has been given in another 
paper | 59). 

The present author has collected the total 
Swedish clinical material and in our data noth- 
ing contradicts the assumption that porphyria is 
inherited as a dominant trait. In a number of 
sibships I have been able to examine the urine 
of many siblings for the presence of PBG and 
uroporphyrin, and only one member has been 
found to be affected. It is not possible, however, 
to make any deductions from such facts as inter- 
mittent excretion of PBG and consequently of 
uroporphyrin, as is well known. It has been 
established that in patients who have been 
biochemically diagnosed as having latent por- 
phyria manifest porphyria developed later. 
Most manifest porphyric patients again become 
latent after the attack and can be recognized 
only biochemically. I have seen cases, however, 
in which even excretion of PBG must have 
stopped, at least temporarily. Such irregularities 
make it impossible at the present moment to 
diagnose all carriers of the trait and separate 
them from the non-carriers. The ratio between 
these two groups in a sibship can therefore not 
yet be determined. (Table tv.) 

An abnormal frequency of consanguineous 
marriages in the parental couples of AIP pa- 
tients might have been a point in favor of a 
recessive heredity; such consanguinity was not 
found to be abnormally common however. 
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TABLE 1v* 
EXCRETION OF PBG AND ALA IN MG./24 HR. (NORMAL <I AND <3) 


Subject Data | PBG ALA 


Acute Porphyric Subjects and Relatives 


& During attacks of colic 51; 73 264; 39 
Later 34 21 

Mother. |. 0.8 1.8 

| During attacks of colic 80; 87; 39 48; 41; 25 

| 73; 144 33; 62 

Mother (carrier). 9 6 

Sister 1. . No symptoms 1.2 Pe 

Sester @..... No symptoms 8 5.5 

G. H. (surviving uniovular twin) | No symptoms 14; 21; 25; 35 | 14; 14; 14; 15 

_No symptoms 1.2 | 1.0 

Sister 1. _No symptoms 5.3 | 0.3 

gg symptoms 1.0 | 9.0 

Brother... .. No symptoms 9.0 10 

J. S. (Fig. 7.) | No attacks of colic 3.6 20 

(child, son 0.4 1 

Child, daughter | 0.5 ] 

N. L. (Brother Case 70) 30 34 

R. S. .| No attacks of colic 28 12 

Boy 1... | pee 0.6 3 

Boy tt. . 0.7 2 

R. 0.3 


Three other typical patients with acute porphyria in 
remission showed increased values 


Mixed Case 


11 
Py otocopn oporphyria 

Girl (light sensitivity). feces: protoporphyria 

coproporphyria increased ..-| Nocmal Normal 
Mother Normal Normal 

Typical PCT (non-alcoholic) 

D. H., four different specimens . erry _.| Uroporphyrin positive Normal — Normal 


* Unpublished data from B. H. Aronsen. 
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The occurrence of several generations with 
afflicted members is, of course, strong evidence 
for a dominant heredity. This was noted in a 
great many families but it is obvious that the 
penetrance of a gene varies considerably, as 
there are many undoubted carriers of the gene 
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Fic. 5. Age at death from AIP (Sweden). 


who have never had any symptoms even at a 
mature age. The life expectancy of a patient 
with manifest porphyria was not very good in the 
beginning of this century, as is clearly seen in 
Figure 5. It does not seem improbable that the 
mortality from the disease was less during the 
nineteenth century in Sweden. 

Data from Sweden thus definitely prove that 
acute porphyria must often be inherited as a 
dominant trait. No facts can be collected to 
prove the occurrence of acquired acute por- 
phyria and most families with many siblings 
that could be investigated showed that the 
propositus was not the only member exhibiting 
porphyria. It therefore seems probable that 
acute porphyria is an inborn error of metabolisin 
of the same kind as the other disorders in this 
interesting group of diseases. Representative 
pedigrees are shown in Figures 7 through 12. 

What really is inherited in acute porphyria? 
From our work on latent porphyric subjects | 
and on the conversion of porphobilinogen to 
uroporphyrin [9,60], it becomes clear that 
porphobilinogen is primarily excreted both 
by the carrier and the manifest porphyric 
subjects. Uroporphyrin is formed  second- 
arily and this condensation is enhanced by an 
acid reaction and an elevated temperature 
(boiling). (See color plates in [60].) The presence 
of the colorless chromogen in the body obviously 
accounts for the absence of light sensitivity. 
Experimental work seems to have shown that the 
porphyrins might well account for the light 


*UROPORPHYRIN I 
COPROPORPHYRIN 


FAULTY CONDENSATION 


NO PROTOPORPHYRIN I 


SUBSTRATE 


1 MOL 


PBG 


ENZYME 
ALA-DEHYDRASE 


1 MOL 
PROTOPORPHYRIN III 


DECARBONXY.- 


LASE. 


1 MOL, 


DEC ARE. 


(ONYVLASE 


1 MOL 


4MOLS* 


PBG 


2MOLS 


COPRO- 
PORPHYRIN III 


UROPOR.- 
PHYRIN III 


6-AMINO 


(2 CARBOXY + 


DEHY DRO. 
ENASI 


LEVULINIC 


2-VINYL) 


(4 CARBONY) 


ARBONY) 


(8 ¢ 


ACID = ALA 


BLOCK 


LC ROPORPHYRIN III 


BLOCK 


CORPROPORPHYRIN III 
INCREASED 
COPROPORPHY RIA? 


REASED 


PCT? 


INC 


BLOCK 
AlP 


BLOCK 


PARTIAL 


AMERICAN JOURNAI 


OF MEDICINE 


hic. 6. Schema of enzyme blocks resulting in congenital porphyria. 


77} 
O 


O 
| 4 eo 
| Oe re | ko 2 
O 
> 
C) 
me”. 
@ — 
O 2 < 
O | 


772 Porphyrias as Inborn Errors of Metabolism— Waddenstrém 


sensitivity in the cutaneous porphyrias but not 
for the varying symptoms in acute porphyria. It 
is an intriguing question, however, why the 
symptoms of lead poisoning should resemble 
those of acute porphyria: Porphyrinuria, colic 
and sometimes paresis or even encephalopathy; 
PBG has, however, never been identified in the 
urine in lead poisoning. It is also remarkable 
that the patients with protocoproporphyria in 
whom colic, psychosis and paralysis developed 
showed only porphobilinogen in the urine during 
this stage. It seems tempting to relate some of the 
symptoms to the porphobilinogen even if animal 
experiments so far have been negative |6/,62). 
The present author made a rather wild conjec- 
ture regarding a possible mechanism when he 
pointed out that coniin is a §-propylpiperidin 
and thus may be similar to PBG. We know from 
as long ago as the time of Plato that this classic 
poison Causes motor paralysis. Whether or not a 
compound with a similar configuration could 
have similar effects is difficult to determine at 
present. 
TENTATIVE CLASSIFICATION 


Congenital Porphyria. Present from _ birth; 
marked light sensitivity. Mainly uroporphyrin 1 
and.coproporphyrin. No PBG. Never symptoms 
of AIP. 

PCT Symptomatica. Alcoholic cirrhosis: Begins 
after forty years of age; moderate light 
sensitivity. No PBG. Never AIP. Bantu cirrhosis: 
Same symptoms as in alcoholic cirrhosis. /x- 
ceptional cases: (Tiong Hoo [38), hepatoma; 
Hamminga [40], liver tumor; own Case.) 
Symptoms same as those for alcoholic cirrhosis. 

PCT Hereditaria. Protocoproporphyria: Begins 
at about puberty. Reciprocity theory of Riming- 
ton: always protoporphyrin and coproporphyrin 
in feces. Light sensitivity only when porphyrin 
appears in the urine. Uroporphyrin and PBG in 
liver attacks, only then colic, pareses. 

Acute Intermittent Porphyria. Probably always 
dominant in heredity. PBG and ALA in urine. 
Latent or manifested by severe attacks. Mainly 
in South Africa: in some acute porphyric 
subjects nutritional or toxic factors may give 
cutaneous symptoms. 
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Cystinuria 


H. Harris, M.D., and E. B. Rosson, m.p. 
London, England 


N 1810 Wollaston described a ‘‘new species of 
] urinary calculus.”’ During the following 100 
years many further examples of the same kind of 
stone were identified and it was shown that they 
were composed almost entirely of the amino acid, 
cystine. Patients in whom such stones formed 
were found to be excreting large amounts of cys- 
tine continuously in their urine. The disorder 
was frequently familial and was recognized to be 
in some way genetically determined. 

It is now known that cystine is not the only 
amino acid excreted in unusual quantities by 
patients in whom cystine calculi form. The basic 
amino acids, lysine, arginine and ornithine, are 
also regularly present in the urine in grossly ab- 
normal amounts (Ackermann and Kutscher | 
Yeh et al. [26], Dent and Rose [9], Stein [24], and 
Harris, et al. [78]). The quantities involved are 
remarkable. Stein [24], for example, in five 
cases found that an average of 0.73 gm. of 
cystine, 1.8 gm. of lysine, 0.83 gm. of arginine 
and 0.37 gm. of ornithine were excreted per 
day. This massive amino aciduria is continuous 
and probably persists with little change through- 
out life. Furthermore, the abnormality appears 
to be highly specific for these four substances. 

Earlier reports that the diamines, cadaverine 
and putrescine, sometimes occurred in large 
amounts in cystinuric urines have not been con- 
firmed when modern analytic methods were 
applied to fresh urine samples. It is possible that 
they represented artefacts due to infection or 
that the substances were misidentified. 

Cystine may also be excreted in unusual 
amounts in a number of other genetically deter- 
mined conditions. Among these may be men- 
tioned cystinosis, the different variants of the 
De Toni-Debré-Fanconi syndrome, and Wilson’s 
disease or hepatolenticular degeneration. 

In the past, cystinosis has been confused with 
the type of cystinuria just described. It is now 
clear, however, that these disorders may be 
sharply differentiated on clinical, biochemical 
and genetic grounds [70]. In particular, the 
amino aciduria found in such conditions is of a 
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much more generalized type, involving some ten 
or more amino acids, and cystine stone forma- 
tion rarely if ever occurs. It is convenient, there- 
fore, to reserve the term “‘cystinuria”’ for the clin- 
ical condition involving recurrent cystine calculus 
formation, as described by Wollaston, and now 
known to be characterized by the abnormal 
excretion of cystine, lysine, arginine and 
ornithine. 

The term “‘cystine-lysinuria’’ has also occa- 
sionally been used in recent years to designate 
the condition. This is unsatisfactory because, as 
will be seen later, true cystine-lysinuria, when it 
occurs without concomitant arginine and orni- 
thinuria, is only rarely associated with stone 
formation. The incorporation of all four amino 
acids in the name for the disease is somewhat 
cumbersome, and now that the situation has 
been clarified it seems simplest to retain the 
classic term cCystinuria. 

The loss of the four amino acids, even in these 
considerable amounts, does not lead to any 
obvious nutritional disturbances in the patients, 
providing that they are on a normal diet with 
an adequate protein content. All the clinical 
features of the condition can be attributed simply 
to the complication of recurrent formation of 
stones in the renal tract. Apart from the tend- 
ency to calculus formation and consequent 
obstruction in the renal tract, these patients may 
remain remarkably well. Surprisingly enough, 
chronic renal infection does not usually occur. 
The prime cause of the stone formation is un- 
doubtedly the high urinary concentration of 
cystine. Cystine is one of the least soluble 
of amino acids and in urine between pH 5 and 7 
it can be kept in solution only to the extent of 
300 to 400 mg./L. [73]. In patients excreting 
between 0.5 gm. and 1 gm. of cystine per day, the 
concentration of this substance may frequently 
reach saturation level, particularly at night 
when the urine passed is most concentrated. 
Consequently, the cystine will tend to come out 
of solution and this will lead to calculus forma- 
tion. Lysine, arginine and ornithine, on the 


AMERICAN JOURNAL OF MEDICINE 


Cystinuria—Harmns, Robson 


other hand, are freely soluble and therefore do 
not become incorporated into the stones. 

Diagnosis rests on the demonstration of grossly 
abnormal amounts of the four amino acids in the 
urine. Useful routine qualitative tests are the 
cyanide nitroprusside test for cystine, and two 
dimensional paper chromatography for amino 
acids |9). The three basic amino acids may also 
be demonstrated easily by ionophoresis in filter 
paper at pH 11.5 |/7,/8|. The abnormality is so 
gross that qualitative results by these methods 
are adequate for most purposes. Quantitative 
analyses are rather more difhcult to carry out 
and are not necessary in ordinary clinical 
practice. 

THE NATURE OF THE LESION 

Until recently it had been assumed that 
cystinuria represented a disorder in the inter- 
mediary metabolism either of cystine itself or of 
the other sulphur-containing amino acids, cys- 
teine and methionine | 4,/5). The exact nature of 
the postulated “block’’ in the metabolism of 
these substances had, however, always remained 
obscure. The demonstration that lysine, arginine 
and ornithine were equally involved introduced 
further complications, because of the absence of 
any obvious specific inter-relation between the 
intermediary metabolism of these amino acids 
and the sulphur-containing ones. 

An alternative hypothesis was put forward by 
Dent in 1949 [8], when he suggested that the 
abnormality in cystinuria was essentially renal 
in character. If the renal tubule cells were unable 
to reabsorb the cystine, lysine, arginine and 
ornithine normally present in the glomerular 
filtrate, these substances would appear in large 
amounts in the urine and the various features 
of the disease could be readily explained. A 
considerable body of evidence has now ac- 
cumulated in favour of this hypothesis. 

If cystinuria arises from some kind of block in 
the intermediary metabolism of cystine one 
would expect cystine to accumulate in the body 
fluids and the plasma level should be consider- 
ably higher than in normal people. If, however, 
cystinuria was a purely renal abnormality no 
such rise in plasma cystine would be expected. 
Similar arguments also hold for the other amino 
acids excreted in abnormal amounts. The plasma 
cystine level has now been measured in a number 
of cystinuric patients by a variety of different 
methods [77,/2,74,23,25|). It is, in fact, not 
elevated, as would have been expected on the 


MAY, 1957 


775 


metabolic block hypothesis but is, if anything, 
slightly less than normal, as may be anticipated 
on the renal hypothesis. The same seems to be 
true for lysine, arginine and ornithine | 2,9,23,25}, 
although so far only a few plasma determinations 
of these amino acids have been carried out. 

Estimates of the renal clearances of cystine | /2| 
and of lysine, arginine and ornithine |2| have 
shown that all are grossly elevated compared 
with the normal. In the case of cystine, the 
clearance values are of the same order of magni- 
tude as the expected rate of glomerular filtra- 
tion. In one subject in whom the inulin and 
cystine clearances were measured simulta- 
neously, close agreement was obtained. The 
clearances for lysine, arginine and ornithine are 
probably somewhat less than the rate of glomer- 
ular filtration [2]. This suggests that the reab- 
sorption defect, although gross, is not complete. 

The renal hypothesis implies that in normal 
persons the tubular reabsorption of cystine, 
lysine, arginine and ornithine involves at least 
one step which is common to and specific for 
these four amino acids, and that in cystinuria 
this process is in some way defective. If this is 
so, one may expect that if the plasma concentra- 
tion of one of these amino acids were artificially 
raised to high levels in a normal person, then, 
as a result of overloading the reabsorptive 
mechanism, increased excretion of the other 
three amino acids would occur. This phenom- 
enon has recently been demonstrated by Robson 
and Rose [23]. They infused 5 gm. lysine intra- 
venously into normal subjects and found that 
increased excretion of cystine, arginine and 
ornithine as well as of lysine resulted. There was 
a corresponding increase in the renal clearances. 
Little change in the excretion of other amino 
acids occurred. Similar experiments carried out 
on cystinuric patients caused little or no increase 
in the already grossly increased excretion of 
cystine, arginine and ornithine. This, of course, 
would be expected on the renal hypothesis. 

The results of experiments which have been 
carried out at different times involving the feed- 
ing of cystine, cysteine and methionine to cys- 
tinuric subjects have rarely been clear cut and 
have been variously interpreted [4,/7,72]. They 
can probably be most comprehensively under- 
stood on the renal hypothesis. 

If cystine itself is fed to cystinuric patients 
there is little or no rise in the plasma cystine 
level and no appreciable increase in the urinary 
cystine. It appears, to be absorbed and metab- 
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olised because an appropriate increase in 
the urinary sulphate can be demonstrated 
_3,17,12,21,22|. Feeding cystine to normal per- 
sons gives substantially the same results, so that 
there appears to be no peculiarity in the cystin- 
uric patient with respect to his ability to deal 
with dietary cystine. 


H;C-NH; 
H-C-H 
H-C-H H-C-H 
HOH NCH 
H-C-NH,; H-C-NH,; H°C-NH, 
coo” coo” 
CYSTINE LYSINE ARGININE ORNITHINE 


Fic. 1. Formulas of cystine, lysine, arginine and ornithine. 


Ingestion of cysteine by cystinuric persons 
leads to quite different phenomena; their inter- 
pretation is, however, made somewhat difficult 
by the absence of any satisfactory methods for 
differentiating plasma cystine from cysteine. In 
general, there is a rapid rise in the plasma level 
of cystine (or cysteine) and a marked in- 
crease of cystine in the urine [6,7,/7,72]. In all 
these experiments the urinary cystine output 
varied with the plasma levels. However, for 
equivalent plasma levels the cystine excretion 
was much greater in the cystinuric persons than 
in the normal subjects. Since the plasma toler- 
ance curves after feeding cysteine to normal and 
cystinuric subjects were substantially the same, 
these findings are consistent with the idea that it 
is the renal tubular reabsorption mechanism 
that is at fault. Estimates of the renal clearances 
at different plasma levels following the feeding 
of cysteine further support this concept. In the 
cystinuric subjects the clearances did not change 
significantly with increasing plasma levels but 
remained virtually constant at a value of the 
same order of magnitude as the glomerular 
filtration rate. In normal subjects the clearances 
were very much lower but did rise significantly 
with increasing plasma levels [72]. 

The reason cystine ingestion in both normal! 
and cystinuric subjects fails to lead to any 
marked change in plasma level, whereas cys- 
teine leads to a rapid elevation in plasma level, 
remains uncertain. Dent and his colleagues 


'77,/2|, suggest that this is due to different rates 
of absorption, probably depending on the rela- 
tive solubilities of the two substances. Cysteine, 
being readily soluble, is likely to be rapidly 
absorbed through the intestinal mucosa and so 
reach the portal blood in high enough concen- 


_ trations temporarily to saturate the mechanisms 


for maintaining a constant blood level. A large 
dose of cystine, however, will at first remain 
largely undissolved in the intestinal fluids and so 
be taken up into the portal blood only slowly 
and consequently be adequately dealt with by 
the liver. Earlier workers [7], however, had 
postulated entirely different metabolic pathways 
for cystine and cysteine. 

Various results have been reported after 
feeding methionine. Earlier workers [7] did 
find an increase in cystine excretion after feeding 
methionine to cystinuric subjects, while Dent 
et al. |//7,/2) failed to find this. Such minor dis- 
crepancies may be a result of different time 
scales of the experiments. 

In general, none of these feeding experiments 
suggest that cystinuric subjects differ in any 
material respect from normal subjects in their 
intermediary metabolism of the sulphur-contain- 
ing amino acids. The results, on the other hand, 
are all consistent with the renal hypothesis. 

If it is true that in normal subjects there is a 
pathway in tubular reabsorption common to 
and specific for cystine, lysine, arginine and 
ornithine, and that in cystinuric patients this is 
defective, then one is confronted with the prob- 
lem as to what property peculiar to these four 
amino acids leads to their being handled by 
renal tubules differently from other amino acids. 
Some evidence for a common _ reabsorptive 
mechanism for lysine and arginine has been 
obtained experimentally in dogs [5]. These par- 
ticular substances resemble each other and also 
ornithine closely enough in structure and chemi- 
cal properties to make this association not very 
surprising. The specific association of cystine 
with the basic amino acids is, however, rather 
unexpected. Dent and Rose |9| suggested on the 
basis of the structural formulas (Fig. 1) that the 
important similarity might be the occurrence of 
two positively charged amino groups separated 
by a chain of 4 to 6 atoms. The transport 
mechanism, for example, might involve the 
combination of these positively charged amino 
groups with similarly spaced negatively charged 
carboxyl groups projecting from alternate glu- 
tamate or aspartate residues on a protein surface. 
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Fic. 2. Cystine and lysine contents of urine from a series of cystinuric patients 
and their relatives. Each point represents one person. The concentration of cys- 
tine and lysine has been related to the creatinine concentration in each sample in 
order to minimize variations due to different rates of urine formation. 


So far there is no direct evidence bearing on this 
problem, nor has any more plausible explana- 
tion been put forward. 


FAMILY STUDIES 


When urine from apparently healthy rela- 
tives of patients with cystine stone formation is 
examined, it is found that some of them, al- 
though clinically in no way abnormal, excrete 
cystine and lysine in unusual amounts in their 
urine. Occasionally arginine and ornithine are 
found as well. (Quantitative estimations of 
cystine, lysine and arginine have been made ina 
large number of such relatives representing more 
than thirty families | 76,78,79}. It is evident that 
a considerable variation in the amounts of the 
substances excreted exists among them. Indeed 
all values may be found, varying between the 
small amounts encountered in a random sample 
of the general population and the large amounts 
encountered in patients with cystine stone for- 
mation. Determinations of several samples from 
particular subjects over periods of two or three 
years showed that each person had a fairly char- 
acteristic level of excretion of these substances. 

Among these relatives of cystinuric patients 
there is a good correlation between the output of 
cystine and the output of lysine. (Fig. 2.) Dif- 
ferences among persons with regard to their 
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cystine excretion are more or less paralleled by 
equivalent differences in lysine excretion. On the 
other hand, abnormal arginine excretion in such 
persons is found consistently only when the 
cystine and lysine outputs are relatively high. 
(Fig. 3.) Below these levels, even though the 
cystine and lysine outputs may be well above the 
values found in normal subjects, the arginine 
output is either within normal limits or is at 
most only slightly elevated. Apparently, the 
cystine and lysine excretion must be above a 
certain threshold before arginine is excreted in 
excess. The same may be true in the case of 
ornithine but detailed quantitative results have 
not as yet been obtained. 

Thus in some of these families there are 
healthy persons with a moderately increased 
but definitely abnormal excretion of cystine and 
lysine and with normal arginine and perhaps 
ornithine outputs. Stones form in such persons 
only very occasionally, presumably because the 
urinary cystine concentration rarely rises to 
saturation levels. 

Now, if it is the case that in cystinuric patients 
with stone formation the essential defect lies in a 
gross failure of renal tubular reabsorption of 
cystine, lysine, arginine and ornithine, then the 
fact that all degrees of cystine and lysine excre- 
tion may be found among their apparently 
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Fic. 3. Arginine and lysine contents of urine from a series of cystinuric patients 
and their relatives. Each point represents one person. The concentration of 
arginine and lysine has been related to the creatinine concentration in each sam- 
ple in order to minimize variations due to different rates of urine formation. 


healthy relatives suggests that all degrees of 
failure of tubular reabsorption may occur. Fur- 
thermore, the results on arginine excretion 
among the relatives indicate that when the 
reabsorptive capacity for these four amino acids 
is only partially limited, arginine is reabsorbed 
preferentially to cystine and lysine. Qualitative 
results suggest that ornithine may in this respect 
resemble arginine. 


GENETIC ANALYSIS 


Genetic analysis has revealed a rather com- 
plex situation. If a series of families each con- 
taining at least one member with cystine stone 
formation and massive excretion of cystine, 
lysine, arginine and ornithine is studied, it can 
be shown that they are heterogeneous [76,79]. 
In some families persons who are clinically 
unaffected but have a moderately abnormal 
excretion of cystine and lysine with little or no 
detectable abnormality in arginine and ornithine 
excretion are not found, while in others they are 
quite frequent. It is possible to divide the families 
into two groups on this basis. 

In the first group of families the intermediate 
phenotype does not occur, and only two classes of 
people can be identified; those with a grossly 


abnormal excretion of cystine, lysine, arginine 
and ornithine, and those with excretions of 
these substances within the normal range. The 
segregation is sharp and without any overlap. 
The familial distribution here is typical of a 
Mendelian recessive character. (Fig. 4.) Usually 
the abnormality occurs in only a single sibship 
in each family; the parents, children and other 
relatives are normal, and there is an increased 
incidence of parental consanguinity. Appro- 
priate calculations indicate that the observed 
segregation ratios are consistent with those 
theoretically expected [79]. One can conclude 
that here one is dealing with a rare recessive 
gene the effects of which are manifest only in 
homozygous persons. The heterozygotes, that 
is to say both parents, all the children and a 
proportion of the other relatives have no detect- 
able abnormality. The persons who carry the 
abnormal gene in double dose appear to have a 
severe defect in the tubular reabsorption of the 
four amino acids concerned, while persons carry- 
ing the gene only in single dose can reabsorb 
these substances as efficiently as other people, 
at least at normal loads. The type of condition 
found in this group of families has been called 
“recessive cystinuria.”’ 


AMERICAN JOURNAL OF MEDICINE 


. 


Cystinuria—Harns, Robson 


779 
? 


@ GROSSLY ABNORMAL EXCRETION OF CYSTINE. 
LYSINE, ARGININE & ORNITHINE. 


© NORMAL AMINOACID EXCRETION. 


NT NOT TESTED. 


Fic. 4. Typical pedigrees of “recessive cystinuria.”’ 


In the second group of families, which is 
sumewhat less conimon than the first group, the 
position is more complex. Three types of persons 
may be identified; those with grossly abnormal 
excretion of the four amino acids; those with 
moderate excretion of cystine and lysine but 
normal or only slightly elevated excretion of 
arginine and ornithine; and those with normal 
excretion. The intermediate phenotype is rather 
variable and some overlap occurs in the three 
distributions. This is particularly noticeable in 
the lower ranges of the intermediate class which 
overlap with the upper range of the distribution 
of normals, and some difficulty in unequivocal 
classification occurs. However, there seems 
littke doubt about the reality of these three 
phenotypes and most persons in such families 
can be fairly readily assigned to one or the other 
on the basis of the quantities of the individual 
amino acids found in the urine. The distribution 
of these three phenotypes in these families fits 
well with the idea that the most extreme pheno- 
type in which there is presumably gross failure 
in tubular reabsorption of all four amino acids, 
occurs in persons homozygous for the abnormal 
gene; and the intermediate phenotype with only 
a moderately defective tubular dysfunction rep- 
resents the heterozygous persons. (Fig. 5.) Such a 
hypothesis implies that both parents and all 
the children of the most severely affected persons 
are heterozygotes and thus belong to the inter- 
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mediate phenotype. Similarly, half the uncles 
and aunts, one of each pair of grandparents 
and an appropriate proportion of the cousins 
and other relatives both on the maternal and 
paternal sides of the family would also belong to 
the intermediate phenotype. These expectations 
are in good agreement with the observed findings 
in these families, providing appropriate allow- 
ance is made for some overlapping of the dis- 
tributions | 79]. The fact that there is an increased 
incidence of parental consanguinity among the 
parents of the affected patients in these families 
gives further support to the hypothesis. For 
this and other reasons the type of condition 
found in this group of families has been called 
“incompletely recessive cystinuria.”’ 

Thus it has become possible to differentiate 
on genetical grounds two main forms of classic 
cystinuria; the recessive and the incompletely 
recessive. In both forms the abnormal homozy- 
gotes excrete considerable quantities of the four 
characteristic amino acids. However, even 
among such homozygotes considerable variation 
in the relative proportions of the different 
amino acids excreted from case to case may be 
found, and analysis of this variation has revealed 
further complexities in the genetical situa- 
tion [20]. 

A convenient index of this variation in pattern 
of excretion is the ratio of the quantity of lysine 
to the quantity of arginine in urine samples from 
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Fic. 5. Typical pedigrees of “incompletely recessive cvstinuria.”’ 


different homozygous individuals. Values for 
this ratio as high as 4.2 and as low as 0.8 may 
occur in different homozygotes and these differ- 
ences are larger than can be reasonably at- 
tributed to experimental error. Furthermore, the 
variation in the lysine/arginine ratios is much 
greater among the recessive homozygotes than 
among the incompletely recessive homozygotes. 
This difference in variance is highly significant. 
On the other hand, the mean value for the ratio 
among the recessive homozygotes is not signi- 
ficantly different from that for the incompletely 
recessive ones. In the recessive group of homozy- 
gotes affected pairs of sibs closely resemble one 
‘ another in the lysine, arginine excretion ratio, a 
sib-sib correlation coefficient of the order of 0.90 
being found. In the incompletely recessive 
homozygotes, on the other hand, no sib-sib 
correlation is demonstrable. All this suggests that 
the large variation in the pattern of excretion of 
the recessive group of homozygotes is to a great 
extent genetical in origin. It seems probable that 
this group is heterogenous and consists of 
several distinct conditions caused by separate 
recessive genes. The affected persons would 
either be homozygous for one of these genes or 
heterozygous for two of them. Whether or not 


the several genes causing “‘recessive cystinuria”’ 
and the genes causing the “incompletely reces- 
sive’ condition are alleles or at different 
chromosomal loci remains to be discovered. 


CALCULUS FORMATION 


Stone formation is a fairly frequent occur- 
rence among persons homozygous for one or 
another of the genes causing cystinuria. Proba- 
bly in more than 65 per cent of such persons 
calculi develop at some time in their lives and in 
such people stone formation is very often recur- 
rent. In the majority of them the first stone is 
formed before the age of thirty and in an appreci- 
able fraction of these in infancy and childhood. 
Thus, although cystine calculi may account for 
no more than 1 per cent of all renal calculi 
encountered, they probably form a much larger 
proportion of all calculi occurring in childhood. 
The exact proportion however, has not yet been 
estimated. Stone formation has also occasionally 
occurred in heterozygotes of the incompletely 
recessive type who happen to have rather a high 
level of cystine excretion. This, however, is unu- 
sual and the vast majority of heterozygotes 
remain symptom-free and quite healthy. 

Stone formation is, in the main, undoubtedly 
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‘TABLE |! 
DAY AND NIGHT EXCRETION OF CYSTINE IN THE URINE |/3) 


Urine 
Day Period Output 
(uwg./min.) 

First. Day 2.2 
Night 0 78 
Second Day 2.2 
Night 0 49 
Third. . Day 1 8 
Night 0 5 
Fourth Day 24 
Night 92 
Fifth . . Day 1.7 
Night 0 65 
Sixth. Day 18 
Night 0 75 
Seventh Day 19 


Night 0 67 


Cystine in Solution 


Cystine Cystine after Equilibration 

Cpncentration Excretion PH | with Added Cystine 
| (ug./ mil.) (ug./ mil.) 

275 602 6.2 380 

690 540 6.1 340 

225 504 6.1 450 

435 6.5 440) 

290 530 7a 500 

975 486 5 9 310 

225 540 

575 536 

250 425 

610 420 

375 695 

745 557 

250 468 

700 456 


a function of the cystine concentration attained 
in the urine. If this should frequently reach 
saturation level, the patient is at risk. The con- 
centration attained at any time will depend on 
the rate of excretion of cystine and the volume 
of urine being formed. Differences in stone 
formation between homozygotes may therefore 
depend not only on differences in the absolute 
rates of cystine excretion but also on individual 
variations in rates of urine formation. This 
latter is likely to be of considerable importance 
in view of the known variations from one person 
to another in habits of fluid intake. No doubt 
other factors such as malformations in the struc- 
ture of the renal tract, infection, transfer to 
tropical climates with inadequate adjustment 
of fluid intake to maintain urine volume, and so 
on, may also play a part in deciding why stones 
are more prone to form in one homozygote than 
in another. 

What may be of particular significance in 
stone formation is the diurnal rhythm in urine 
flow. Most people pass much more concentrated 
urine at night time than in the daytime; it 
may well be that most of the stone formation 
occurs in the night. This possibility is emphasised 
by the results of an experiment carried out by 
Dent and Senior [7/3] on a cystinuric patient. 
Urine collections were made during two periods 
each day; a daytime period from 6 a.m. to 10 
p.m. and a night time period of 10 p.m. to 6 a.m. 
During this time the patient was allowed to fol- 
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low her normal habits of food and fluid intake. 
The volumes of urine passed and their cystine 
content were measured in each period. (Table 1. ) 
The average daytime excretion of cystine was 
538 wg. per minute and the night excretion 
average was 492 ug. per minute. There was thus 
little difference in the rate of cystine excretion 
in the two periods. On the other hand, the urine 
output fell from an average daytime level of 
2.1 ml. per minute to an average night time one 
of 0.67 ml. per minute. In consequence, the 
concentration of cystine in the night urine was 
much more than in the corresponding day urine. 
During part of this experiment solubility studies 
were also carried out. The addition of solid 
cystine to the day urines caused an increased 
concentration in the urine filtrate, while in 
the night urines the concentration decreased. 
Thus the daytime urines were under-saturated 
with cystine and the night time urines were 
super-saturated. 


TREATMENT 


A therapeutic approach to the problem of 
stone formation would seem to depend on either 
an attempt to decrease the quantity of cystine 
excreted or increase its solubility in urine, or 
finally an attempt to increase the volume of 
urine flow so that at no time does the cystine 
concentration reach saturation levels. These 
possibilities have been discussed in some detail 
by Dent and Senior [7/3]. 
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The most direct method of influencing the 
quantity of cystine excreted would be by restric- 
tion of protein in the diet. Severe restriction of 
protein intake does, in fact, cause an appreciable 
reduction in cystine output | /3]. However severe 
protein restriction is an undesirable therapy. 


1,000 ol 
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pH 
Fic. 6. Solubility curve of cystine in urine at different 


pH’s (after Dent and Sentor 


Lysine is being excreted by these patients in 
even greater quantities than cystine and this is 
an essential amino acid. There could be a real 
danger of going into negative nitrogen balance, 
particularly if such therapy was applied in grow- 
ing children. Neither moderate protein restric- 
tion nor a great increase in protein intake 
seem to have a very great effect on cystine out- 
put. (Table u.) There seems to be, therefore, no 
virtue in advising protein restriction. 

The use of alkalis in order to render the urine 
more alkaline and hence increase the solubility 
of cystine has been widely recommended. The 
difficulty here lies in the character of the pH 
solubility curve. (Fig. 6.) The urine pH must 
evidently be raised to over pH 7.6 before any 
large increase in cystine solubility occurs. To 
reach and maintain such a high pH would re- 
quire the continuous administration of extremely 
large doses of alkali and this would not appear to 
be very practical for long periods as a prophy- 
lactic measure. 

The most hopeful line of attack is to attempt 
to increase the volume of urine flow [73]. It 
seems that the daily output of cystine could in 
the average patient be held in solution by about 
3 L. of urine at pH 6. The difficulty, of course, 


arises from the diurnal rhythm. It is fairly easy 
to maintain a high rate of flow during the day, 
but special measures are necessary at night. 
Dent and Senior recommend for routine prac- 
tice that the patient, besides drinking approxi- 
mately 3 L. of liquid during the day, should also 


u 
CYSTINE EXCRETION AT DIFFERENT LEVELS OF PROTEIN 
INTAKE IN A SEVEN YEAR OLD GIRL WITH 
CYSTINURIA [73) 


Pro- Aver- 

tein Cystine Excretion age 

Con- on Consecutive Cys- 

Diet tent Days tine 
(em./24 (mg./24 hr.) 

hr.) tion 

63.0 539, 488, 572, 555 538 


“Vegetarian”... 38 5 460, 488, 468, 480, 476 
463, 490 

Very low protein 20.0 | 336, 363, 371, 365,; 353 
331 

High protein.... 117 0 484, 547, 507 513 


take at least two glasses of fluid before going to 
bed and another two glasses when he wakes to 
empty his bladder at about 2 a.m. in the morn- 
ing. The best routine can no doubt be worked 
out individually for each patient. The aim should 
be to maintain a urine flow of at least 2 ml. per 
minute for each four-hour period throughout 
the day and night. 

Even if this approach proves to be useful in 
preventing stone formation, it would perhaps be 
too hopeful to expect that it could succeed in 
dissolving large stones once they are formed. Its 
value therefore is likely to be mainly prophy- 
lactic, either to prevent stones from ever forming, 
in predisposed persons, or once they have formed 
to prevent recurrence after surgery. Here the 
genetical approach is of practical importance. 
One in four of the brothers and sisters of known 
cystinuric patients is likely to be similarly af- 
fected. If the urines of such persons are ex- 
amined, it is comparatively easy to pick out the 
homozygous persons who are predisposed to 
stone formation but in whom stones may not yet 
have formed. Proper advice can perhaps prevent 
them from ever doing so. 
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Hypertrophy of the Right Ventricular 
Outflow Tract’ 


A Concept of the Electrocardiographic Findings 
in Alrial Septal Defect 


S. Biount, Jr., M.p., E. Appis Munyan, Jr., M.p. and Murray S. HorrmMan, M.D. 


Denver. Colorado 


ECAUSE of the growing dissatisfaction with 
B the concept of incomplete right bundle 
branch block as an explanation for the electro- 
cardiographic findings in atrial septal defect, 
a study was undertaken to determine the fre- 
quency of the rSr’f pattern seen in right pre- 
cordial leads in normal children and to de- 
termine some of the factors that might increase 
the height of the r’ wave, thereby giving the 
rSR’ complex with a total QRS time of 0.08 to 
0.10 second found in certain congenital and 
acquired cardiac defects. 

Mounsey and associates |/| noted the fre- 
quency of the rSr’ complex in the right pre- 
cordial leads in normal healthy men, finding 
this type of complex in fourteen of thirty men 
studied. Camerini |2] also studied the frequency 
of the rSr’ complex in multiple right sided chest 
leads in normal subjects and found the pattern in 
forty of fifty patients. 

It is considered that the rSr’ complex in right 
precordial leads represents the normal three 
vectors of electrical depolarization of the ven- 
tricles—septum, free wall of right and left ven- 
tricles and the outflow tract of the right ventricle 
(in the region of the crista supraventricularis). 

The first two vectors have been traditionally 
accepted. The “crista’’ vector has received 
somewhat less attention and yet has been studied 
by a number of workers. Lewis and Roths- 
child [3], in their studies in dogs noted that the 
conus of the right ventricle and the posterobasal 
portion of the left ventricle were the last portions 


of the myocardium to be depolarized. Harris | 4), 
Sokolow and Friedlander |35|, and Camerini and 
Davies |2| noted the same general sequential 
pattern of ventricular depolarization. 

Kossman |6} discussed the possibility that the 
rSR’ pattern seen in certain congenital defects 
might be a derivation of the rSr’ observed nor- 
mally over the right ventricle with the added 
effects of hypertrophy of the conus area. 

Anatomically, the outflow tract of the right 
ventricle (or infundibulum) is bounded an- 
teriorly and to the right by free wall of the right 
ventricle. Posteriorly and to the left lies the inter- 
ventricular septum behind which is the outflow 
tract of the left ventricle. The pulmonary valve 
lies superiorly. A triangular ridge of muscle, the 
crista supraventricularis, shaped like an inverted 
V, extends from anterior free wall to interven- 
tricular septum. Below the septal insertion of this 
inverted V, the moderator band extends as a 
bridge from septum to anterior papillary muscle. 
(Fig. 1.) 

Embryologically, this outflow area is_ the 
remnant of the old bulbus cordis, which phylo- 
genetically acted as a regulator of blood flow, 
protecting the fine gill capillaries from the force- 
ful ejection of blood from the ventricle. 

Believing that the rSR’ pattern with QRS time 
of 0.08 to 0.10 second to be due to hypertrophy 
of the outflow tract of the right ventricle and not 
the result of a disturbance in ventricular conduc- 
tion, it was decided to investigate the matter 
further. 


* From the Heart Station of the Division of Cardiology, Department of Medicine, University of Colorado School of 
Medicine, Denver, Colorado. 
+ Lower and upper case letters indicate small or large deflections, respectively, of R, S or R’. 
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Fic. 1. The interior of the right ventricle showing the 
infundibulum (including the crista supraventricularis) as 
an inverted V-shaped structure in the right ventricular 
outflow tract. The crista extends from septum to anterior 
wall of right ventricle. (Reproduction from Grant's Atlas 
of Anatomy). 


PRESENT STUDY 


As a source of normal hearts, patients were 
studied who had been referred to the Denver 
Rheumatic Fever Diagnostic Service at the 
University of Colorado School of Medicine. 
These patients, all children, had been referred 
by private physicians for evaluation of cardiac 
murmurs. Those who, after evaluation of history, 
physical examination, fluoroscopy and electro- 
cardiogram, were considered to have functional 
murmurs and normal hearts were included in 
the series. Multiple precordial leads were then 
taken with a one-half inch diameter suction elec- 
trode, starting with leads VR to (V«R, V5R, 
V,.R, V3R, Vi, V2, Vs, Va. Vea, Ve). The same 
leads (VR to V4) were then taken one, two,three 
or four intercostal spaces above. 

Direct electrocardiographic leads were taken 
at the time of surgery on five patients with atrial 
septal defects. Multiple points on the epicardial 
surface of the right ventricle were explored, 
including (1) a point on the outflow tract of 
right ventricle just below the pulmonary valve; 
(2) mid-right ventricle; (3) right ventricular in- 
flow tract; and (4) right ventricle just adjacent 
to the interventricular septum and left ventricle. 

Intracavitary electrocardiograms were re- 
corded on five patients with atrial septal defects. 
Tracings were obtained during withdrawal of 
the catheter with special attention to the types 
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Fic. 2. Types of patterns noted in lead V;R in fifty 
normal children (left hand column) together with 
“‘erista” pattern obtained in the same child in leads 
farther to right and higher than traditional electrode 
placement (right hand column). HV;R refers to elec- 


trode ed one interspace higher than ordinary V;R; 
2HV;R and 3HV;R refers to electrode being placed 
two or three interspaces higher. The same symbols are 
used for leads V,; and V+. 


of patterns obtained from the pulmonary 
artery, pulmonary valve area, right ventricular 
outflow tract, mid-right ventricle and right ven- 
tricular inflow tract. 

Serial electrocardiographic tracings were ob- 
served on eight patients with isolated valvular 
pulmonic stenosis and fourteen patients with 
atrial septal defects to observe any serial changes 
in the abnormal electrocardiograms following 
the surgical correction. 

Also, electrocardiograms of ten patients with 
tight mitral stenosis and varying degrees of right 
ventricular hypertrophy were studied to de- 
termine the types of patterns and the sequential 
changes in the electrocardiograms following 
commissurotomy. 


RESULTS 


Study of Normal Children. Forty-nine of fifty 
normal children studied with multiple right 
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Fic. 3. Direct epicardial leads at surgery demonstrating an rsR‘ in the infundibular area just 
beneath the pulmonary valve and the RS pattern in the mid-right ventricle and at the 
apex of the right ventricle. Two complexes are shown at cach area. One complex is not 
retouched and arrow points to the limits of the QRS. The other complex has been re- 


touched for clarity. 


precordial] leads revealed rSr’ patterns in at least 
one of these right chest leads. This pattern was 
not observed in V;R, but rather in a higher 
right chest lead or one located farther to the 
ight. The configurations noted in V;R were of 
an rS pattern or splintered complexes with an 
embryonic r either on the upstroke or down- 
stroke of the S wave or an rSr’s’ pattern. The 
splintered patterns were considered as crista 
variants and transitional between strictly crista 
patterns seen in higher chest leads farther to the 
right and right ventricular type complexes seen 
in V,; and Vz. (Fig. 2.) 

Direct Leads from the Epicardial Surface of Right 
Ventricle. In all five cases of atrial septal defects 
studied by this method the rSR’ pattern or rSR’s’ 
pattern was localized to the area beneath the 
pulmonary valve. The areas of mid-right ven- 


tricle, inflow tract of right ventricle, and mid- 


right ventricle near the interventricular septum 
revealed an RS pattern or rS pattern. (Fig. 3.) 
Intracavitary Electocardiograms Studied on With- 
drawal of the Catheter. In all cases studied a 
transition zone was observed between the QS or 
QR pattern of pulmonary artery and the rS pat- 
tern of mid-right ventricle. This intermediate 
pattern, in the region of the right ventricular 


outflow tract was a splintered complex of the 
delayed R wave variety (rSR’ or rSR‘s’). Often 
in the same patient, on successive observation 
during withdrawal of the catheter, an rSr’ pat- 
tern was obtained on one withdrawal and an 
rSR’s’ pattern on another withdrawal indicating 
the variation of the pattern on slight differences 
in position of the catheter as it passed the com- 
plex structures in the right ventricular outflow 
tract. The intermediate type complexes ap- 
peared as one approached the pulmonary valve 
on the withdrawal and not necessarily at the 
moment of passage through the pulmonary 
valve. (Fig. 4.) 

Studies of Eight Patients with Valvular Pulmonic 
Stenosis Following Surgical Correction. All eight 
patients studied had definite right ventricular 
hypertrophy prior to surgery. Following surgical 
correction, in five of the eight patients the lead 
V;R changed to an rsR’ pattern (hypertrophied 
crista) in ten days to thirty-five months. (Fig. 5.) 
The remaining three patients in this series con- 
tinued to show qR or RS patterns although the 
R wave decreased in magnitude over the follow- 
up period of thirteen, thirty-four and forty-four 
months. 

Studies of Fourteen Patients with Atrial Septal 
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Fic. 4. Intracavitary electrocardiogram obtained on catheter 


# 


withdrawal. Note the transition zone between the QR 


pattern in the pulmonary artery and the rS pattern of the mid-right ventricle. This intermediate pattern, in the’ region 
of the right_ventricular outflow tract is first an rsr’ complex and then an rsR‘S’ complex. 


Fic. 5. Patient with pure 


ic stenosis showing 


evolutionary stages of the electrocar- 


pulmonic 
diogram as the right ventricular hypertrophy regressed. The right precordial leads reveal 
changes from a notched R pattern to an rSr’ pattern suggesting that the latter is merely 
a lesser degree of right ventricular hypertrophy. 


Defect Following Surgical Correction. Following 
complete closure of the defect, serial electro- 
cardiograms showed the following: (1) One pa- 
tient with right ventricular hypertrophy (qR) 
before surgery continued to have right ventricu- 
lar hypertrophy, although the R wave post- 
operatively decreased in magnitude over a fol- 
low-up period of nineteen months. (2) In four 
patients with right ventricular hypertrophy who 
had an RS pattern before surgery, the leads 
changed to an rSR’ pattern between five days 
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and fifteen months, but did not change to an 
rSr’ pattern. (3) In one patient with right ven- 
tricular hypertrophy, with an RS configuration 
before surgery, the lead changed to an rSR’ pat- 
tern in four days and to an rSr’ pattern within 
seven months. (4) Five patients with an rSR’ 
pattern prior to surgery continued to show the 
same pattern with a follow-up period of five to 
twenty-one months, although there was a de- 
crease in the magnitude of the R’ in four of the 
five cases. (5) Three patients changed from an 
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Closure of atrial septal defect om July 26, 1953 


ann” 


Fic. 6. Change from rsR’ in right precordial leads to rSr’ following closure of atrial septa! 
defect in a six year old boy. The rsR’ is thought to be due to hypertrophied crista whereas 


the rSr’ is thought to be a normal crista pattern. 


Fic. 7. This patient was a twenty-six year old man who underwent mitral commissurotomy 
on February 3, 1954. The QRS complex in lead V;R changed from an Rs to an rSR’ in one 
month, suggesting the latter to be simply a lesser degree of RVH (outflow tract hyper- 
trophy) rather than an incomplete right bundle branch block. 


rSR’ pattern before surgery to an rSr’ pattern 
between seven and fourteen months postopera- 
tively (Fig. 6.) 

Studies of Ten Patients with Mitral Stenosis Fol- 
lowing Surgery. Of ten patients who showed 
electrocardiographic evidence of right ventricu- 
lar hypertrophy before surgery, four patients 
exhibited changes in the electrocardiograms from 
an RS pattern of right ventricular hyper- 
trophy to an rSR’ pattern. (Fig. 7.) 


COMMENTS 


A characteristic pattern in the electrocardio- 
gram (rSr’) due to the depolarization of the out- 


flow tract of the right ventricle was demon- 
strated in the right precordial leads in 98 per 
cent of the patients with normal hearts. This pat- 
tern is considered to be the result of three vector 
forces. The first is due to depolarization of the 
interventricular septum and portions of the right 
ventricle resulting in a vector with positivity 
toward the right and an upright deflection in 
right precordial leads. The second is due to the 
simultaneous depolarization of the left and right 
ventricles with a resultant force vector directed 
downward and toward the left, causing a down- 
ward deflection or S wave. The third is due to 
the late depolarization of the area of the right 
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"Lead VaR Showing Transient intermittent incomplete Right Bundle Branch Block 


Fic. 8. This patient was a thirty-two year old man with pneumothorax following rib 
fracture. Lead V;R shows rSR’ patterns alternating with rS patterns. The first two electro- 
cardiograms were obtained minutes apart. This must certainly be a conduction disturbance. 


ventricular outflow tract with the resultant 
vector again directed toward the right, causing 
a terminal positive deflection or r’ wave. 

Wilson |7,8| has shown that in experimental 
animals with right bundle branch block, a 
characteristic rSR’ pattern was obtained in 
direct epicardial leads from all areas of the 
right ventricle-—both inflow and outflow tract. 
These findings were not observed in the cases of 
atrial septal defect studied as part of the project 
herein reported. Direct epicardial leads during 
surgery on patients with atrial septal defects 
revealed the rSR’ or rSR’s’ patterns only from 
the right ventricular outflow tract with RS 
patterns from the mid-right ventricle. This 
observation correlated well with intracavi- 
tary electrocardiograms taken during catheter 
withdrawal. 

The gradual transition of obvious right 
ventricular hypertrophy patterns in valvular 
pulmonary stenosis to rSR’ and finally rSr’ pat- 
terns following surgical correction further 
substantiates the concept that hypertrophy of the 
right ventricular outflow tract is the explanation 
of these findings. Studies on patients with mitral 
stenosis and atrial septal defects after surgery 
were in accord with this concept. . 

Though it is considered that the rSR’ pattern 
present in atrial septal defects and other con- 
genital and acquired defects is due to hyper- 
trophy of the right ventricular outflow tract, it is 
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believed that this pattern can be precisely 
duplicated by incomplete right bundle branch 
block. Figure 8 shows the electrocardiogram of a 
thirty-two year old man with spontaneous 
pneumothorax. The rSR’ pattern in V;, re- 
verted to norma! within a matter of minutes and 
this certainly cannot be explained on the basis 
of outflow tract hypertrophy. 


SUMMARY 


Evidence is presented to support the concept 
that the rSR’ pattern with a total QRS time of 
0.08 to 0.10 seconds observed in certain con- 
genital and acquired lesions—but predomi- 
nately atrial septal defects—is due to hyper- 
trophy of the right ventricular outflow tract 
rather than to incomplete right bundle branch 
block. 
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Systemic Manifestations of Hypernephroma’ 


A Review of 273 Cases 
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HE diagnosis of hypernephroma, once sus- 

pected, usually presents little difficulty. In 
most patients with hypernephroma fairly classic 
symptoms or signs develop such as hematuria, 
flank pain, a palpable flank mass, occasionally a 
bruit audible by auscultation over the tumor. 
These patients give unequivocal urographic 
evidence of renal tumor. However, in a signifi- 
cant number of cases none of the classic local 
manifestations are present at the onset of the 
disease. The internist, rather than the urologist, 
is consulted for elucidation of a bizarre fever, 
vague anorexia, anemia of unknown origin or 
an ill defined abdominal mass. Many such cases 
of occult hypernephroma occur and masquerade 
under various guises which pose a serious chal- 
lenge in differential diagnosis. The correct 
diagnosis may defy detection for prolonged 
periods of time, vielding only after exhaustive 
investigation. 

It is the cases of hypernephroma that present 
with atypical or obscure clinical pictures with 
which we are concerned in this report. It is 
hoped that by a review of known cases of hyper- 
nephroma, some clues can be obtained to create 
a higher index of suspicion for the diagnosis in 
the more difficult clinical problems. 

Several aspects of this problem have been 
described previously; the occurrence of fever in 
hypernephroma |/-—7] is well known, as is the 
association of amyloid with this renal tumor 
(8-10). Reference is made in the literature to the 
occurrence of polycythemia concomitantly with 
hypernephroma [//—74], and to the occasional 
case presenting with neurologic, osseous or pul- 
monary complaints [75]. These aspects of hyper- 
nephroma, as well as others, will be presented so 
as to emphasize the various clinical patterns that 
may develop in this most intriguing of tumors. 


MATERIAL 


The material for this report is derived from an 
analysis of 273 cases of hypernephroma studied at The 
Mount Sinai Hospital in the years 1933-1955. Only 
those cases have been included in which the pathologic 
diagnosis was made either on a surgical or postmortem 


TABLE 1 
HYPERNEPHROMA: PERTINENT DIAGNOSTIC DATA IN 273 
CASES 
_ Number | Per cent 

Sex: 

178 65 

Age: 

37 13 

44 16 
& 

100 


Positive urographic findingsT. . . | 252 


* Defined as a hemoglobin value below 10 gm. per 
100 cc. of blood. 

t Findings compatible with renal tumor were present 
in 252 cases in which urography was recorded in the 
chart. In twenty-one cases no such record was found. 


specimen. Table 1 lists the incidence of the various 
symptoms and signs that comprise the usual clinical 
picture of hypernephroma. These data are in accord 
with previous figures available in the literature [76-78]. 

Of greater interest to us were those cases culled 
from the aforementioned 273 in which the “non- 
urologic”’ aspects were most prominent. In Table u 
we have summarized our findings in this regard. 


* From the Department of Medicine, The Mount Sinai Hospital, New York, N. Y. Dr. Berger was a Trainee of the 
National Heart Institute during the period 1954-1955, when this report was prepared. 
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ANALYSIS OF DATA 


Fever. In the 273 cases, fever, documented by 
history and preoperative temperature course, 
occurred in forty-four or 15 per cent of the 
patients. In thirty-seven of these cases the diag- 
nosis of hypernephroma was made quite readily 


TABLE 0 
DIACNOSTIC DIFFICULTIES IN HYPERNEPHROMA: DATA ON 
273 CASES 
Num- Per 
ber cent 
Fever of undeterminéd origin 7 8 
8 3.0 
Absence of hematuria... . . . 120 | 44.0 
Signs of debility as sole manifestation . ) 5 1.8 
Polycythemia . 5 1.8 
Misdiagnosed mass... 10 3.6 
Metastasis 14 years after nephrectomy for 
Qemor........... 0.4 
Presenting complaint pulmonary . 10 3.6 
Presenting complaint osseous... ... 8 3.0 
Presenting complaint neurologic . 5 1.8 


because of associated findings. However, seven 
patients (2.5 per cent) were admitted to the 
medical service with “fever of undetermined 
origin,’ with fever and malaise as the cardinal 
complaints. 

The nature of the fever varied. Four patients 
exhibited a low grade fever (below 102°Fr.); 
the remaining three had daily elevations as high 
as 105°r. The duration of the febrile course 
varied from two to six months. The diagnosis 
of hypernephroma eventually was suspected 
in all seven cases, the most definitive evidence 
deriving from urographic studies carried out in 
the course of an exhaustive diagnostic study. 
Six patients underwent surgery with confirma- 
tion of the diagnosis. In the seventh case diag- 
nosis was confirmed at the autopsy table, since 
the patient’s clinical condition precluded surgi- 
cal intervention. 

Amyloid. This series contained eight cases 
(2.9 per cent) of amyloid, present either in the 
resected kidney which was the site of the hyper- 
nephroma (four cases) or throughout the body 
in the distribution commonly referred to as 
characteristic of “‘secondary”’ amyloidosis (four 
cases). Of these eight cases five have been re- 
ported from this hospital previously [8,9]. 

No statement can be made as to the extent of 


amyloid involvement in those instances where 
only the excised kidney was available for exami- 
nation. Also, no information is available from 
the hospital record as to the subsequent course 
of the amyloid, following removal of the renal 
tumor. 

Of interest is the fact that in only one of the 
eight cases was the diagnosis of amyloid clinically 
suggested. No suspicion was entertained in seven 
cases. Indeed, two of these latter presented as 
“fever of undetermined origin,” rather than as 
easily identifiable hypernephroma. Although 
several patients had some proteinuria, the degree 
was not sufficient to implicate amyloid involve- 
ment of the kidney. 

Hematuria. On history, the symptoms of gross 
hematuria occurred in fifty patients (18 per 
cent). However, a small portion of these did not 
reveal hematuria even by microscopic examina- 
tion at the time of admission to the hospital. 
In the total series of 273 cases urine analysis 
revealed that forty-eight, or 18 per cent, had 
marked hematuria on admission; thirty-one, or 
11 per cent, had moderate hematuria; and 
seventy-four, or 27 per cent, had microscopic 
hematuria of at least an occasional red blood 
cell per high power field. Thus 120 cases, or 44 
per cent, gave no evidence for genitourinary 
tract bleeding on urine analysis at the time of 
hospitalization. Fortunately, the absence of 
hematuria offered no diagnostic difficulty in it- 
self because of the presence of other symptoms 
and signs of hypernephroma. 

Signs of Debility. At least half of the patients 
on admission to the hospital presented a picture 
which included such complaints as weight loss, 
weakness, anorexia and anemia. In general, 
these were part of the picture of a chronic dis- 
ease process and, together with other associated 
findings, led eventually to the diagnosis of renal 
tumor. Such symptoms were of little diagnostic 
value to the examining physician, but they did 
not becloud the diagnosis because of the presence 
of localizing findings. However, five patients (1.8 
per cent) sought medical advice solely because 
of these complaints: weakness, weight loss, 
anorexia. Moreover, clinical examination failed 
to reveal any readily discernible cause for these 
signs of debility. Such patients therefore were 
subjected to energetic investigations involving 
biochemical, hematologic and radiologic studies. 


‘Only then was the diagnosis of a renal neoplasm 


made, on the basis of abnormal urographic 
findings. 
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Misdiagnosed Abdominal Mass. An upper ab- 
dominal mass was palpable in 170 cases (62 per 
cent). Of these, fully 50 per cent (eighty-five) 
were painless. Patients with masses not suspected 
to be renal in origin numbered ten, or about 4 
per cent. Most often these latter patients pre- 
sented with weight loss, anorexia, weakness and 
anemia. The mass, if felt in the right upper 
abdomen, was variously interpreted as liver, gall 
bladder or colon; in the left upper abdomen, the 
organs erroneously implicated were colon, 
spleen and, to a lesser extent, pancreas and 
stomach. Apparently, the usual criteria of physi- 
cal diagnosis were found wanting, in these ten 
cases, to identify properly the nature of the 
palpable mass. However, appropriate radiologic 
studies fulfilled this purpose. All ten patients 
underwent laparotomy, with final confirmation 
_of the diagnosis. 

Late Metastasis. ‘lhe occurrence of metastases 
many years after nephrectomy for hyper- 
nephroma is well known. A striking example is 


cited. 


Patient I. G. (M.S.H. No. 49202), a seventy-two 
year old white man, in 1941 had a right nephrectomy 
for a hypernephroma which in the pathologic speci- 
men exhibited invasion of the renal vein. In 1952 be- 
cause of fever, cough and right chest pain, he was seen 
again at the hospital, where a right lower lung field 
infiltrate was found on chest x-ray. Over a period of 
about four weeks this infiltrate almost completely 
resolved and the patient was discharged improved, 
with the presumptive diagnosis of pulmonary infarc- 
tion. In 1955 he returned with cough and fever of 
about one month’s duration. Again a right lower lung 
field infiltrate was seen. Bronchoscopy was performed 
and biopsy yielded bronchial mucosal fragments 
infiltrated by metastatic hypernephroma, histologi- 
cally similar to the original specimen of 1941. The 
patient’s subsequent course was a downhill one, and 
he died three months after admission. Postmortem 
examination confirmed the presence of metastatic 
hypernephroma involving the right lower lobe of 
the lung and right hilar lymph nodes, with infiltration 
into the esophagus. 


This case of late metastasis in hypernephroma 
demonstrates two aspects worth emphasizing: 
(1) the difficulty of making such a diagnosis in 
some instances and, (2) the value of broncho- 
scopic examination and biopsy in making a 
diagnosis of metastatic pulmonary disease 
when the metastasis is endobronchial. 

Polycythemia. In addition to the diagnosis of 
hypernephroma, a clinical diagnosis of poly- 
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cythemia vera was made in five cases (1.8 per 
cent), on the basis of hemoglobin values above 
17 gm. per cent, red cell counts beyond 6.5 mil- 
lion per cu. mm. and hematocrits of 55 per cent 
and above. 

Furthermore, examination of the hemoglobin 
levels of all 273 patients revealed fifteen cases 
(including the aforementioned five), or 5.5 per 
cent, with levels of 15.0 gm. per cent or more. 
Such statistics suggest more careful investigation 
in the future of patients with hypernephroma 
who may have an associated erythremia. 

A Clinical Picture Dominated by Metastatic Organ 
Involvement (Lungs, Bone and Central Nervous 
System). Ten patients presented either with 
cough or evidence of a lung mass on x-ray. In 
eight instances a history of bone pain was 
elicited as the chief complaint. Subsequent 
investigation revealed involvement of the spine 
in two cases, the humerus in two, the femur in 
one, and the scapula in one. Roentgenographic 
examination failed to reveal evidence of 
metastatic bone involvement in the remaining 
two cases. Five patients had presenting com- 
plaints referable to central nervous system dis- 
ease, three were affected with an organic mental 
syndrome, and one each with hemiplegia and 
paraplegia. 

All of these cases, presumed to be metastatic 
carcinoma, yielded the diagnosis of hyper- 
nephroma on appropriate investigation. 


COMMENTS 


The clinical observations presented in this 
report demonstrate challenging problems to the 
internist. Hypernephroma may present with 
systemic manifestations such as fever, amyloido- 
sis, polycythemia or signs of debility. Difficulties 
may arise in interpretation of certain localizing 
signs, for example, the frequent complete ab- 
sence of even microscopic hematuria, and the 
occasional errors made in identification of a 
palpable mass on physical examination. The fre- 
quency with which these conditions are met 
underlines the iriportance of awareness in the 
diagnosis of hypernephroma in its protean 
manifestations. 

The occurrence of fever with hypernephroma 
was first described by Stetter [79] in 1887; his 
case was that of a patient with a fever of 102°r. 
or more over a two-month period prior to re- 
moval of a renal carcinoma. Since then reports 
of many such cases have appeared, some of 
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which are listed in the references |/—7}. Indeed, 
the incidence of fever in hypernephroma has 
been reported as high as 56 per cent [4] but 
generally is stated to range about 20 per cent [7]. 
With better control of infectious diseases, more 
attention must be paid to chronic granulo- 
matous and neoplastic diseases as causes for 
unexplained fever |5|. Hamman and Wain- 
wright |2,3), in a classic discussion of obscure 
fever, collected ninety-one cases, seven of which 
were attributable to hypernephroma; two pa- 
tients had low grade fever, five had high fever. 
This incidence is to be compared with our four 
cases of low grade fever and three in which the 
patients had temperature elevations above 
102°r. 

In cases of fever associated with hyper- 
nephroma it is anticipated that removal of the 
implicated tumor will eliminate the fever. Per- 
sistence or recrudescence of pyrexia after tumor 
removal may therefore indicate tumor recur- 
rence [6]. 

Hypernephroma is, of course, not the sole 
neoplasm with a potentiality for producing 
fever. Incidences of fever of 52 per cent have been 
cited in uncomplicated tumors of the liver and 
biliary tree, and 34 per cent in neoplasms of the 
stomach. Fever has been reported in association 
with carcinoma of the esophagus, colon, breast 
and uterus, among other sites |20|. The mecha- 
nism for this phenomenon is not known, al- 
though factors of necrosis and proliferation have 
been invoked 27,22). Certainly, hypernephroma 
is marked in its growth by both types of patho- 
logic process, but fever may occur in the absence 
of extensive necrosis of the tumor or adjacent 
tissues. 

The association of amyloid and _ hyper- 
nephroma is not uncommon, as illustrated by 
eight cases in this series of 273. Occasionally, 
fever is present in such cases (two of the eight 
cases of amyloid in this series presented with 
fever as one of the manifestations of disease). 
As has been emphasized in the past [8,70], the 
appearance of proteinuria, renal insufficiency 
and/or hepatosplenomegaly in a known case of 
hypernephroma should focus suspicion on the 
possibility of associated amyloidosis. 

Of greater difficulty is the case in which even 
the primary tumor is not evident, let alone the 
amyloidosis. This problem was presented by 
Hyman and Leiter [8] in regard to one of their 
patients, who presented with unexplained fever 
and was eventually discovered, at autopsy, to 


have a hypernephroma with amyloidosis of 
the “‘secondary”’ type. 

Knowledge concerning the mechanisms 
whereby primary tumors stimulate the deposi- 
tion of amyloid is rudimentary. Many factors 
are thought to contribute. Those given some 
greater weight are tissue necrosis, chronicity and 
infection [870,23]. In 1930 a report by Higuchi 
_24\ described a 2.4 per cent incidence of car- 
cinoma in association with amyloidosis. Mosch- 
cowitz |23| and Dixon [25| more recently state 
that as many as 10 per cent of cases of “‘second- 
ary’ amyloidosis are associated with carcinoma. 
With improving control of suppurative disease 
and present day availability of antibiotic ther- 
apy, one may expect an even greater proportion 
of cases of secondary amyloidosis to be associated 
with carcinoma. 

The fate of amyloid already deposited, after 
removal of the hypernephroma, is not known. 
The suggestion has been advanced that, as with 
reported recession.of amyloid after elimination of 
a focus of chronic infection [26], a similar phe- 
nomenon might occur with successful removal of 
a hypernephroma [8}. The difficulty in evaluat- 
ing such a possibility lies in the inability to 
obtain an accurate estimate in vivo of the precise 
extent of the amyloid involvement. Moreover, 
remaining or recurring tumor in patients with 
resected hypernephroma and amyloid may con- 
tribute to persistence or extension of the amyloid 
process. 

The frequency with which even microscopic 
hematuria is absent, in our series, corresponds 
with the experience of others | /6,/7| and reflects 
the delay in invasion of the renal outflow tract by 
well contained tumor masses. Thus the diagnosis 
of hypernephroma should be made independ- 
ently of the urinary findings. 

The single case of a late metastasis presented 
herein points to the difficulty in diagnosing such 
cases. Late metastases in hypernephroma are 
well known to occur [77,27]. Of great clinical 
interest in our case report are the location of the 
pulmonary metastasis, endobronchially, and 
the manner of diagnosis by bronchoscopy. This 
method of diagnosis has been previously reported 
useful in the presence of pulmonary metas- 
tases {28}. 

Only recently is an understanding developing 
of the cause of anemia in hypernephroma and 
other malignancies, when blood loss is not 
prominent. Recent studies indicate the presence 
of hemolytic factors in many cases. Abnormalli- 


AMERICAN JOURNAL OF MEDICINE 


Systemic Manifestations of Hypernephroma—Berger, Sinkoff 


ties of iron metabolism and bone marrow re- 
placement by metastatic tumor tissue may not 
be too significant in the development of anemia 
in cancer [29]. 

The concurrence of hypernephroma and poly- 
cythemia has been reported by various investi- 
gators |//-/4|; indeed, disappearance of poly- 
cythemia after removal of the hypernephroma 
has been described |77,/4|). Recurrence of the 
erythremia may be interpreted as an indication 
of tumor recurrence. 

If one accepts Wintrobe’s reported incidence 
of polycythemia in a hospital population (0.06 
per cent) [30], then the number of cases of 
polycythemia and hypernephroma in our series 
(five patients, or 1.8 per cent) assumes signifi- 
cance. Polycythemia has been reported to occur 
in association with other neoplastic processes as 
well: cerebellar tumor | 30], uterine fibroids 
and multiple myeloma | /2}. Etiologic suggestions 
without experimental foundation have been 
offered, relating to hemopoietic system stimu- 
lation by the tumor or one of its products, or 
by some indirect, unknown mechanism of 
adrenocortical stimulation [77}. 

In an excellent discussion of hypernephroma, 
Creevy [75] in 1935 stated that 40 per cent of 
ninety-two cases were originally misdiagnosed 
as the following: bone tumor, pulmonary dis- 
ease, central nervous system disease, cirrhosis, 
gastric neoplasm, intestinal obstruction. His 
description of the diagnostic problems in hyper- 
nephroma is as appropriate now as when he 
originally set it forth: “The key to the whole 
problem lies in considering the possibility of a 
malignant renal tumor in every case of an ob- 
scure ailment, particularly in cases of tumors 
of bone, of unusual lesions of the lungs, gastro- 
intestinal tract and nervous system, and of 
obscure fever or anemia.” 


SUMMARY 


1. Iwo hundred seventy-three cases of histo- 
logically proven hypernephroma have been re- 
viewed with respect to systemic manifestations 
and the difficulties that consequently may arise 
in diagnosis of this tumor. 

2. There was a 65 per cent incidence in males, 
81 per cent incidence beyond the age of fifty; 
42 per cent of the patients had flank pain, 18 per 
cent gave a history of gross hematuria, 31 per 
cent of weight loss; 16 per cent of the patients 
had fever, 63 per cent had a palpable mass, 
23 per cent had anemia. Urography revealed 
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findings of renal tumor in every case in which it 
was performed. 

3. The categories of diagnostic difficulties 
and systemic manifestations presented in this 
report, with the incidence of each type, were as 
follows: fever of undetermined origin 2.5 per 
cent; amyloidosis 2.9 per cent; absence of hema- 
turia 44 per cent; signs of debility as the sole 
manifestation of hypernephroma 1.8 per cent; 
polycythemia associated with hypernephroma 
1.8 per cent; misdiagnosed abdominal mass 
temporarily obscuring the diagnosis 4 per cent; 
late metastasis after removal of hypernephroma 
0.4 per cent; primary complaint of a pulmonary, 
osseous or neurologic nature 9 per cent. 

4. The data presented are discussed and the 
pertinent literature is reviewed. The need for 
greater suspicion of the diagnosis of hyper- 
nephroma in cases with obscure symptoms is 
emphasized. 
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Seminar on Bone Disease 


Osteoporosis: 


Freperic C. BARTTER, M.D. 
Bethesda, Maryland 


STEOPOROSIS may be defined as that “‘meta- 

bolic’’ bone disease in which the total body 

mass of bone is less than that of a normally active 

subject of comparable size as a result of failure 

of new bone formation. The qualifications in this 

definition may be better understood after a brief 
consideration of normal bone physiology. 

The normal bone mass results from a “‘steady 
state’ in which the rate of bone destruction 
equals that of bone formation. t Bone formation 
consists of two processes, formation of bone 
matrix and the deposition therein of apatite; 
normally these occur almost simultaneously. 
Bone destruction is a single process, and “‘de- 
calcification” of bone does not occur. 

““Metabolic’”’ bone diseases are herein de- 
fined |7} as those in which all the bone tissue is 
affected to a greater or lesser degree, and in 
which hormonal factors may play a part in 
pathogenesis. They include osteomalacia, in 
which the fundamental disorder is a failure of 
apatite to be deposited normally in bone matrix, 
osteitis fibrosa cystica,§ in which the funda- 
mental disorder is an abnormally rapid rate of 
bone destruction, and osteoporosis. In osteo- 
malacia, the concentration of calcium and 
phosphate ions in the fluid surrounding bone 
matrix is clearly of fundamental importance. In 
osteitis fibrosa, parathyroid hormone may play 
a part in the bone destruction, and renal failure 


+ During growth there is obviously a disequilibrium in 
favor of matrix formation. However, it is apparent that 
continued bone destruction in this period is a stne qua non 
of bone remodeling. 

t Osteoporosis provides us with the single exception to 
this generalization, in that it may be localized, mde seq. 

§ More correctly, the term osteitis fibrosa cystica 
eeneralisata is used to define this disorder when it is a 
metabolic bone disease, whereas the more general term 
osteitis fibrosa cystica includes cases in which an ap- 
parently identical histologic picture is seen in localized 
areas, surrounded by normal bone. 


may contribute thereto in a manner not yet 
understood. For the present discussion, an under- 
standing of these disorders is of importance in the 
differential diagnosis of osteoporosis. In contrast 
to them, osteoporosis is characterized by norma! 
concentrations of circulating calcium and phos- 
phate ions and a normal or, indeed, decreased 
rate of bone destruction. We are here concerned, 
then, principally with the factors controlling 
bone matrix formation. 

In postfetal life bone matrix is deposited by 
osteoblasts in apposition to pre-existing bone or 
calcified cartilage. It is clear that the strains to 
which the skeleton is subjected constitute an 
important stimulus to normal osteoblastic 
activity and that, other things being equal, the 
newly formed bone is deposited in a structural 
pattern ideally designed to meet these strains | 2). 
Because of this, the bone mass is “‘normally”’ 
greater in a heavy person performing physical 
labor than it is in a light and sedentary one, and 
the latter may be said to show a degree of 
osteoporosis. 


ETIOLOGY OF OSTEOPOROSIS 


Although the pathologic physiology of osteo- 
porosis is incompletely understood, the majority 
of cases are attributable to inadequacy of osteo- 
blastic activity or of the supply or conservation 
of nitrogenous materials necessary for bone 
matrix formation. 

In addition to strains on the skeleton, estro- 
gens may stimulate osteoblastic activity under 
some circumstances | 3,4]. Diminution in one of 
these two known stimuli is of paramount impor- 
tance in the etiology of most cases of osteoporosis: 
a decrease in activity leads to the osteoporosis 
of disuse, a decrease in ovarian function leads to 
the osteoporosis of the postmenopausal state. 
When limitation of activity is confined to a por- 
tion of the skeleton, as with nerve damage [5] 


* From the Section on Clinical Endocrinology, Clinic of General Medicine and Experimental Therapeutics, National 
Heart Institute, Bethesda, Maryland. 
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or the application of a cast, osteoporosis may be 
localized. 

In a large group of conditions osteoporosis ap- 
pears to result from a deficiency in the nitrog- 
enous components of bone matrix, or in their 
“wasting”? to supply energy needs. Deficiency of 
nitrogenous components of bone matrix may 
result from simple starvation and some (but 
not all) cases of so-called *“‘hunger osteopathy” 
represent osteoporosis. [It may result from a 
deficiency of nitrogen-retaining hormones, as in 
male eunuchoidism and in senility (where other 
factors doubtless play a part), or from an excess 
of steroids inducing glyconeogenesis from pro- 
tein, as in Cushing’s syndrome [6] or during 
therapy with ACTH or cortisone and analogous 
steroids. 

In uncontrolled diabetes |7) and in hyper- 
thyroidism [7] osteoporosis may occur as the 
nitrogenous materials essential for bone matrix 
formation are deaminated and degraded to serve 
as sources of energy. The signs of osteoporosis 
may indeed be the presenting ones in obscure 
cases of thyrotoxicosis. Although osteoporosis ts 
probably the commonest form of generalized 
bone disease in hyperthyroidism, in some cases 
areas of bone destruction and rapid bone matrix 
formation suggestive of osteitis fibrosa have been 
observed [7|, and in some rapid bone formation, 
as estimated from isotope studies, has been 
noted |&|. Combined biochemical and histologic 
data from a series of well-studied cases are 
needed to explain fully the varied findings in the 
bones in this condition. 

In hypovitaminosis C formation of bone 
matrix is defective in common with that of other 
tissues requiring cement substances, and the 
bone disease is essentially osteoporosis. 

In a small percentage of patients with osteo- 
porosis no known contributing factor can be 
discerned. These include fragilitas ossium, 
acromegaly, and those cases designated “‘idio- 
pathic.”’ Fragilitas ossium is essentially a form of 
congenital osteoporosis. The abnormality in 
bone matrix appears in many Cases to be part of 
a generalized disorder of tissue of mesenchymal 
origin |9|, which also affects the scleras, tendons 
and blood vessels. In acromegaly, osteoporosis 
is a common complication. In many respects it 
resembles that of the postmenopausal state | 70}, 
and may be related thereto. It has been sug- 
gested |7| that the osteoporosis of acromegaly 
may result from mild hyperadrenocorticism, or 
hyperthyroidism, resulting from the overproduc- 
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tion of the appropriate tropic hormone by the 
eosinophilic adenoma; or it may result from the 
action of growth hormone itself. In the last 
category of idiopathic osteoporosis, two types of 
patient are frequently found. In male patients 
with the disorder there is frequently a history of 
trauma. Although this suggests the sequence of 
events to be described, in which a vicious circle 
is set up, the trauma is often of so mild a degree 
as not to have required extensive immobilization 
in the first place. In female patients with idio- 
pathic osteoporosis the bone disorder is often 
found to have followed an apparently normal 
pregnancy. In patients of both sexes the serum 
protein concentrations are low in a surprising 
number of cases. As discussed later, the diagnosis 
of idiopathic osteoporosis is often difhcult and 
may ultimately require the demonstration that 
certain forms of treatment which are effec- 
tive regularly in the other types are wholly with- 
out effect in this one. 


DIAGNOSIS OF OSTEOPOROSIS 


The clinical diagnosis of osteoporosis rests 
upon radiologic, chemical and ultimately histo- 
logic grounds. It consists essentially in the 
demonstration of a decrease in the total bone 
mass without acalcification of new-formed 
matrix or evidence of bone destruction. Whereas 
a direct estimate of the bone mass may be made 
only in the experimental animal, a reasonably 
certain diagnosis may be established clinically 
upon indirect evidence. 

Bone pain (chiefly in the back) and pathologic 
fractures (chiefly of the spine and femoral necks) 
are the commonest presenting symptoms olf 
osteoporosis. Rarely, a renal calculus may pro- 
vide the first evidence that bone disease is 
present. Bone tenderness may be demonstrable 
upon physical examination. Other physical 
evidence may suggest the nature of the bone 
disease, as, for example, atrophy and loss of 
elasticity of skin, and the appearance of senility. 
Severe osteoporosis may, on the contrary, occur 
in the absence of any other suggestion of tissue 
atrophy. 

The demonstration of radiolucency of the 
skeleton by x-ray is of course essential for the 
diagnosis of osteoporosis. In the absence of 
objective criteria of bone density, which are 
seldom available |77|, the degree of radiolucency 
is estimated by comparing the shadow of bone 
with that of soft tissues on the same plate. The 
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common radiologic practice of describing as 
“osteoporotic” all radiolucent bone not showing 
tumor or cysts has indeed some historical justifi- 
cation but it has done much to obscure the 
understanding of metabolic bone disease. Three 
radiologic features may in fact strongly suggest 
a diagnosis of osteoporosis in contradistinction to 
the other metabolic bone diseases. First, the 
finding of radiolucency of the spine and pelvis in 
the presence of a normal skull provides strong 
evidence in favor of a diagnosis of osteoporosis. 
So rarely does the skull show significant changes 
in osteoporosis, however severe, that its involve- 
ment strongly suggests another disorder, such 
as metastatic malignancy. Second, a normal 
lamina dura about the teeth is regularly present 
in osteoporosis and regularly absent in the other 
metabolic bone diseases. The presence of any 
distinct lamina is of importance: even when nine- 
tenths of it is lost as a result of “localized” dental 
pathology, the remainder may furnish clear 
evidence that osteomalacia or osteitis fibrosa are 
not present. Third, there are occasionally seen 
by x-ray vertically arranged “columns” within 
the vertebral bodies, apparently as a result of 
selective loss of trabeculae of lesser structural 
importance. (Fig. 1.) Although a similar picture 
may (rarely) be seen in osteitis fibrosa, the 
finding allows a presumptive diagnosis of osteo- 
porosis. Before closure of the epiphyses, a fourth 
itern may be available for the differential diag- 
nosis of radiolucent bone disease by x-ray. 
Osteoporosis is without effect on the epiphyseal 
lines, which show well-documented changes in 
rickets and in renal osteitis fibrosa cystica. 
Biochemically, the diagnosis of osteoporosis is 
established primarily by exclusion of other 
metabolic bone diseases. As it is primarily a 
disease of bone matrix, and not of calcium and 
phosphorus metabolism per se, it is the only 
metabolic bone disease in which normal serum 
calcium and phosphorus values are found. The 
one exception to this generalization is seen but 
rarely; during the rapid onset or aggravation of 
the disease, the serum calcium may be elevated. 
This is especially likely to occur in subjects in 
whom bone formation and destruction had been 
proceeding rapidly, as in the case of children | /2| 
or patients with Paget's disease of bone | /3|. The 
urinary calcium may likewise be elevated while 
the disease is progressing, becoming normal or 
even low as a new “steady state” is reached 
wherein the rate of bone destruction keeps pace 
with a greatly diminished rate of bone formation. 
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Fic. 1. The spine of a patient with postmenopausal 
osteoporosis. Note the prominent vertical striations in the 
vertebral bodies, and the extreme radiolucency of the 
bone when contrasted with the soft tissues. 


The serum alkaline phosphatase, which serves, in 
the absence of liver disease, as an index of the 
rate of osteoblastic activity, is normal or low in 
osteoporosis, as it never is in the other two 
metabolic bone diseases, characterized by an 
increased rate of bone matrix formation. (We 
should expect, if the pathologic physiology of 
osteoporosis is as outlined here, that the serum 
alkaline phosphatase would always be low. The 
fact that “normal” values are found clinically 
may be explained by the relative insensitivity 
of the method employed so that “low” values are 
well within the normal range. In any event, the 
values found are clear evidence of an inadequate 
response to the increased strains of the osteo- 
porotic skeleton.) 

A number of investigators have described tests 
designed to establish the diagnosis of osteoporosis 
by administering calcium “loads,”’ intravenously, 
and measuring the rate of excretion of calcium 
in the urine or of its supposed incorporation into 
bone. The assumptions are made (1) that the 
rate of incorporation of calcium into bone 
matrix may be influenced by the level of cir- 
culating calcium, (2) that the amount deposited 
for a given load will be proportional to the bone 
mass, and (3) that sufficient “lag” will occur 
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Fic. 2. A, normal vertebral bone from a nineteen year old man. B, osteoporotic bone from a comparable area of a 
vertebra of an eighty year old woman. Bone in B is histologically normal but the trabecules are thinner and fewer than 


those in A. Original magnification, * 50. 


between the deposition of such infused calcium 
and the release of comparable amounts from 
bone that an estimate of bone mass may be made. 
It is by no means established that the total 
amount of calcium in normally calcified bone 
can be increased by increased ‘“‘pressure’’ of 
circulating calcium, although the rate of ex- 
change with surface calcium can very likely be 
enhanced | 7/4). If the total bone calcium can be 
increased in this manner, it must be a transient 
phenomenon, for otherwise an increased supply 
of calcium would result in increased storage in 
osteoporosis. It has never been convincingly 
shown that this is the case, vide infra. Indeed, the 
results of the tests thus far described | 75-77] have 
shown that the rate of excretion of infused cal- 
cium is not clearly greater in osteoporotic 
patients than in normal subjects. In one series, 
however |/7|, the amount estimated to have 
entered bone in a four-hour period was signifi- 
cantly lower in osteoporosis. In one respect, 
calcium infusion tests are of established value in 
the diagnosis of osteoporosis: they serve to 
exclude osteomalacia, in which the amount of 


calcium retained is much greater than normal 
Whereas, comparable data are not 
available for patients with osteitis fibrosa, there 
appears to be little doubt that they would re- 
spond as do patients with osteomalacia. This 
follows from the well-documented observa- 


tion |7| that changes in calcium intake may pro- 


duce marked parallel changes in calcium balance 
in osteitis fibrosa cystica, in contrast to their 
ineffectiveness in osteoporosis. 

In a patient with radiolucent bones, the ulti- 
mate criterion for the diagnosis of osteoporosis is 
an histologic one. Osteoporotic bone resembles 
normal bone in showing little histologic evidence 
of bone formation (few osteoblasts, normally 
narrow or absent osteoid ‘“‘seams’’) or of bone 
destruction (few osteoclasts, absence of fibrosis in 
the marrow). It differs from normal bone only 
in that the total mass is less, a point that can be 
established only when comparable biopsy or 
autopsy specimens from normal subjects are 
available. (Fig. 2.) Whereas the disease may thus 
be distinguished from the other diseases by study 


of microscopic detail, it is distinguished from 
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normal bone by low-power examination, from 
which the overall quantity of bone mass may be 
evaluated. 

The fundamental defect in osteoporosis clearls 
is a decreased rate of bone matrix formation. In 
those situations where a direct stimulus to osteo- 
blastic activity has been lost, as is thought to be 
the case in estrogen deficiency, the histologic 
observation that very few osteoblasts are present 
is what might be anticipated. In situations in 
which the underlying cause of the disorder lies in 
the unavailability of structural materials, as is 
thought to be the case in starvation, one might 
anticipate an increased number of osteoblasts as 
a compensatory phenomenon. An increase in the 
number of osteoblasts in the presence of osteo- 
porosis has been found in only two conditions. 
In fragilitas ossium, this has occasionally been 
reported |/8| together with an increase of serum 
alkaline phosphatase activity. In a rare condition 
recently described |/9| as “fibrogenesis imper- 
fecta ossium,”” osteoporosis appears to be present 
as a consequence of the deposition of structurally 
inadequate matrix which cannot calcify to form 
strong bone despite the presence of norma! 
concentrations of circulating calcium and phos- 
phorus. In this condition there is overproduction 
of bone matrix, with increased numbers of 
osteoblasts and an elevation of serum alkaline 
phosphatase. If the loss of structural materials 
may indeed be a sufficient cause of osteoporosis, 
as suggested, the deficiency must in some way 
affect the osteoblasts as well. 


DIFFERENTIAL DIAGNOSIS OF OSTEOPOROSIS 


In the differential diagnosis of osteoporosis one 
must consider on the one hand the metabolic 
bone diseases, and on the other hand neoplastic 
disease. 

It is generally not difficult to distinguish osteo- 
porosis from osteomalacia and osteitis fibrosa 
cystica. Radiologically, both of these latter 
disorders may involve the skull and cause disap- 
pearance of the lamina dura. The bilateral, 
symmetrical, incomplete fractures that char- 
acterize osteomalacia, and the bone cysts and 
subperiosteal bone resorption that character- 
ize osteitis fibrosa are of course not seen in 
osteoporosis. 

The serum phosphorus, which is almost invari- 
ably low in osteomalacia and the osteitis fibrosa 
cystica of primary hyperparathyroidism, and 
high in the osteitis fibrosa of renal failure, is nor- 
mal: (although sometimes high normal 70,75]) 
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in osteoporosis. The serum calcium is of some- 
what less diagnostic value. Characteristically 
normal in osteoporosis, it may be low in osteo- 
malacia and renal osteitis, and is usually high in 
primary hyperparathyroidism. As has been 
noted, however, it may be transitorily high in 
osteoporosis; conversely, it may fall to normal 
with the onset of renal damage in hyper- 
parathyroidism. Ihe urinary calcium is like- 
wise of limited value: only in osteomalacia of 
intestinal origin, in which it is very low, does it 
serve to distinguish osteoporosis from another 
metabolic bone disease. The serum alkaline 
phosphatase is of cardinal importance in the 
differential diagnosis. It is invariably elevated * 
in osteomalacia and osteitis fibrosa, and is nor- 
mal in uncomplicated osteoporosis. The com- 
monly observed elevation of the serum alkaline 
phosphatase in liver disease has provided a major 
obstacle to the understanding of the bone disease 
which is commonly present; a definitive diag- 
nosis is virtually impossible without bone 
biopsy | 27). 

The histologic grounds upon which the differ- 
ential diagnosis of osteoporosis must ultimately 
rest have been alluded to earlier. 

Invasion of bone by neoplastic disease may 
result in a clinical picture which resembles 
osteoporosis, or it may lead to the development 
of osteoporosis, in the presence of which the 
primary disease may be overlooked. Under 
ordinary circumstances, as tumor leads to bone 
destruction strains on the skeleton are increased 
locally, and new bone formation is stimulated. 
The resulting rise in serum alkaline phosphatase 
may serve to suggest the underlying process. 
When, however, pain is a prominent feature as it 
often is with invasion of the spine, it may lead to 
inactivity, as a result of which the serum phos- 
phatase fails to rise, and osteoporosis supervenes. 
The differential diagnosis of metastic disease from 
osteoporosis may be very difficult when no 
localized lesions can be seen: certainty on this 
point may ultimately require a biopsy. 

One form of malignancy deserves special 
comment. In multiple myeloma the serum 
alkaline phosphatase is rarely elevated even in 
the presence of extensive involvement of bone. 
Because of this, myeloma may present especial 


*The term ‘‘chemical-osteomalacia-with-normal- 
phosphatase” [20] is strictly a misnomer; it was intro- 
duced to clarify the stages in the development of this 
disease, and describes a stage before bone disease has 


developed. 
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Fic. 3. The effect of stilbestrol and albumin on calcium balance in a sixty-year old woman with postmenopausal osteo- 
porosis and Paget’s disease. Note the marked fall in both urinary and fecal calcium, with development of positive cal- 
cium balance, in both treatment periods. Balance data are plotted as follows: There is a horizontal base line, and intake 
is plotted downwards from this line. Urinary and fecal output are plotted upwards from the intake line. If their sum is 
greater than the intake a hatched area above the zero line indicates negative balance; if it is less, a clear area below the 
zero line indicates positive balance. Part A is reproduced by permission from: Reirenstein, E. C., Jr. and Acaricut, F. 
The metabolic effects of steroid hormones in osteoporosis. J. Clin. Invest., 26: 24, 1947. 


difficulties in differential diagnosis. The appar- 
ent failure of compensatory new bone formation 
in this condition, suggesting a direct effect of the 
disease on osteoblasts, has not been explained. 


TREATMENT OF OSTEOPOROSIS 


The treatment of osteoporosis should of course 
include, when possible, that of the underlying 
cause. It need not be emphasized that the osteo- 


porosis of starvation or protein lack, Cushing’s 
syndrome, excessive therapy with ACTH or 
cortisone, uncontrolled diabetes or thyrotoxicosis 
and scurvy should be approached, whenever 
possible, with an attack on the basic problem. 
In addition, four types of treatment of the bone 
disease itself have been found effective: mobiliza- 
tion, estrogens, androgens and albumin. 
Administration of calcium, with or without 
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vitamin D, is of little or no benefit in osteoporosis. 
It does not produce sustained positive calcium 
balance, and does little to relieve symptoms. 
This is of course what one would anticipate in a 
disorder wherein the organic matrix, rather than 
the mineral components of bone, is at fault. 
There is, moreover, a danger in such therapy: 
in some subjects it may, by increasing the urinary 
calcium, increase the danger of forming renal 
calculi. In Figure 3, periods 59 through 62, a 
study is shown in which a two-fold increase in the 
calcium intake was without effect on the calcium 
balance. It is also apparent from the figure that 
in this subject the increase in calcium intake (as 
calcium gluconate) produced no change in the 
absorption of calcium, appearing merely as an 
increase in fecal calcium. 

In all forms of osteoporosis it is important that 
the patient be kept as mobile as possible. If this 
is not done, as it frequently is not because of 
severe bone pain, further osteoporosis of disuse 
will be superimposed on the original disorder. 
This will in turn lead to more bone pain and it 
may be difficult or impossible to terminate the 
“feed back” so established. Osteoporosis in a 
real sense “‘taketh from him who hath not even 
that which he hath.” 

Estrogens are effective, and indeed specific 
in the treatment of postmenopausal osteoporosis. 
They are regularly effective in senile osteoporosis 
and in the osteoporosis of disuse and of Cushing's 
syndrome |/|; litthke or not at all effective in 
osteogenesis imperfecta {22}: and completely 
without effect in idiopathic osteoporosis. As 
already noted, a therapeutic test of estrogens 
under balance regimen may be of value in ruling 
out, in a given case, any known cause of osteo- 
porosis. In Figure 3 is shown the response of the 
calcium balance to estrogen therapy on two oc- 
casions in a patient with postmenopausal osteo- 
porosis complicating Paget’s disease of bone. The 
patient was in markedly negative calcium bal- 
ance before therapy was begun, and the urinary 
calcium was very high (350 and 250 mg. a day, 
respectively, in the two studies). With stilbestro] 
treatment a_ positive calcium balance was 
established, and the urinary calcium fell to 40 
and 60 mg. a day. Estrogen therapy is often 
dramatically effective in relieving the pain of os- 
teoporosis. (The mechanism of this effect, which 
is often too rapid to represent new bone forma- 
tion, is not understood.) It can regularly be 
shown by appropriate studies to induce positive 
calcium balance. It should be added that it is 
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Fic. 4. The effect of androgens on a twenty-eight year 
old man with eunuchoidism and osteoporosis. Note that 
both tvpes of androgen induced markedly positive nitro- 
gen balance and moderate retention of calcium. ‘*6040" 
is 9-fluoro-11-hvdroxyl-17 methyl testosterone, (Halo- 
testin *). For method of plotting, see legend to Figure 3. 


rarely possible to produce unequivocal radio- 
logic improvement with estrogens or any other 
medication in osteoporosis with the sole excep- 
tion of that of Cushing’s syndrome, which may 
show unequivocal increase of density with suc- 
cessful therapy. This apparent discrepancy 
between the results readily obtained during 
short balance studies and those of long-term 
treatment suggest that there is some limit to the 
amount of bone formation which can be in- 
duced with estrogens in man. It may be, for 
example, that whereas estrogens can induce 
deposition of bone in apposition to existing bone, 


* Provided by The Upjohn Co., Kalamazoo, Mich. 
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Fic. 5. The effect of albumin administered intravenously on the calcium balance in a patient with idiopathic osteoporosis 
(A) contrasted with that of the same amount of albumin administered orally (B). Note prolonged calcium retention in 
(A). The amount of calcium retained strongly suggests that formation of new bone has occurred. Reproduced from: 
ALBRIGHT, F., BARTTER, F. C., Dempsey, E. F., Forpes, A. P., HENNEMAN, P. H. and Reirenstein, E. C., Jr. Serum 
albumin and bone matrix. Transactions Fifth Conference on Metabolic Interrelations, p. 277. New York, 1953. Josiah 


Macy, Jr. Foundation. 


they cannot initiate the restoration of trabeculae 
once lost in osteoporosis. 

Estrogen will often reverse the negative cal- 
cium balance of the untreated osteoporotic 
patient in doses approaching physiologic ones, as 
estimated from their effects upon the endo- 
metrium. Thus stilbestrol in doses of 1 mg. a day 
may be as effective as much larger doses (for 
example, 30 mg. a day). See Figure 3. 

Androgen therapy is effective in those forms 
of osteoporosis in which androgen lack is in part 
responsible for the underlying disorder. These 
include the osteoporosis of male eunuchoidism 
and senile osteoporosis. Calcium retention 
induced by androgens is always (at least under 
experimental conditions) associated with nitro- 
gen retention, and the results suggest that the 
effect on bone matrix is part of the general 
nitrogen anabolic effect of the steroids. In Figure 
4 is shown the response of the calcium balance 
to androgen therapy in a male patient with 
eunuchoidism and osteoporosis. He was com- 
pletely immobilized both before and during the 
study as a result of slipped femoral epiphyses, so 
that changes in activity play no part in the 
results. | 

The effect of small doses of androgen, for 


example, 10 mg. of methyl testosterone a day, 
on calcium balance has not been adequately 
studied. The doses which have been shown to be 
effective in the repair of osteoporosis (25 mg. of 
testosterone propionate, or 40 to 100 mg. of 
methyl testosterone a day) {23) cannot be toler- 
ated by female patients for long periods without 
danger of masculinization. 

There is clinical evidence to suggest that, even 
at a dosage of 5 to 10 mg. a day by linguet, 
methyl testosterone is a valuable adjunct to the 
treatment of osteoporosis with estrogens. Andro- 
gen therapy may be of value also in preventing 
the osteoporosis which frequently complicates 
treatment with ACTH and cortisone and related 
steroids. It can readily be shown to prevent the 
nitrogen loss induced by these steroids [24,25], 
and it is likely that the effects on calcium balance 
are secondary to this. 

Human serum albumin is the only agent 
which has been shown to induce calcium reten- 
tion in all forms of osteoporosis {26,27}. The 
calcium retained can be shown to be greatly in 
excess of that bound to the administered 
albumin, and to persist in bone when most of the 
albumin has been degraded. The same amount 
of albumin administered orally produces no 
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Fic. 6. Detail from the study shown in Figure 3B. The effect of albumin administered intravenously on the urinary 
calcium during the study shown in Figure 3. Note that albumin-induced calcium retention is well in excess of that occur- 
ring as a result of estrogen therapy. Reproduced from ALsricut, F., Bartrrer, F. C., Dempsey, E. F., Forses, A. P., 
HENNEMAN, P. H. and Reirensrein, E. C. Jr., Serum albumin and bone matrix. Transactions Fifth Conference on 
Metabolic Interrelations, p. 277. New York, 1953. Josiah Macy, Jr. Foundation. 


calcium retention. For these reasons it has been 
suggested that serum albumin or some in- 
completely hydrolyzed component thereof may 
be a precursor of bone matrix. In Figure 5 is 
shown the response of the calcium balance to 
intravenous albumin administration in a patient 
with idiopathic osteoporosis, contrasted with the 
response to oral albumin. The response in a 
patient with postmenopausal osteoporosis and 
Paget’s disease is shown in Figure 6: the effect is 
here superimposed on that of estrogen shown in 
Figure 3. In contrast to this latter patient, the 
former had presented as a young woman with no 
suggestion of endocrine disease. Large doses of 
estrogens had been without effect on her calcium 
balance. 


SUMMARY 


Osteoporosis is that metabolic bone disease in 
which the bone mass is reduced as a result of an 
inappropriately low rate of bone matrix forma- 
tion. It is the only one in which circulating cal- 
cium, phosphorus and phosphatase concentra- 
tions are normal. It may result from inactivity, 
from estrogen or androgen lack, from excess of 
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adrenal cortical hormones, from a deficiency of 
nitrogenous precursors, or in the absence of 
known cause. 

Mobilization, and the indicated specific 
measures, are of importance in therapy. Of great 
academic interest and of possible importance in 
therapy is the response of all forms to intra- 
venously administered human serum albumin. 
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Metabolic and Clinical Aspects of Gout 


HESE are stenotyped reports of a Combined Staff Clinical Conference of the National 
Institutes of Health, presented by the staff of the National Institute of Arthritis and 
Metabolic Diseases, Bethesda, Maryland. The reports are edited by Dr. J. E. Seegmiller. 


Dr. DeWitt Strerren, Jr.: The subject of 
gout is one which has for many years been a 
borderline subject between the chemist and the 
physician. The chemical history can be men- 
tioned in just a few sentences. 

Uric acid was apparently first discovered by 
Scheele, the discoverer of oxygen, prior to 1800 
in a urinary calculus. Urinary calculi appeared 
to have fascinated the chemists of that time be- 
cause Wollaston a few years later, while studying 
a urinary calculus, first discovered cystine. 
Wollaston is connected with the story of gout 
because he first demonstrated the presence of 
sodium urate in a tophus which purportedly 
he dug out of his own ear. It was a quarter of a 
century later that Garrod |/] performed his 
historic experiment in which he took serum 
from a patient with gout, inoculated it with a 
vegetable fiber, and placed it on his mantelpiece 
overnight. The following morning he noted that 
this thread was encrusted in crystals which he 
identified as sodium urate. He proposed this as a 
diagnostic test for the disease and, with minor 
modifications and the addition of a Beckman 
spectrophotometer, this is still an aid to diag- 
nosis. | mention these things because I think 
they show the chemist, as well as the clinician, 
has a vested interest in this disease. 

We are starting our program this afternoon 
with a case presentation by Dr. Laster. 


Dr. LEONARD LASTER: The patient is a twenty-two 
year-old white male student from North Carolina 
who was referred from Johns Hopkins Hospital for 
studies of purine metabolism. 

At the age of five, he suffered recurrent pains in 
both heels, so severe that he was seen by a physician 
who, however, detected no diagnostic abnormalities. 
In time these pains subsided. At the age of twelve 
the patient again noted pain in both feet and in his 
lower back. These were persistent complaints for 
about half a year and then subsided uneventfully. 

At the age of fifteen, during a strenuous football 
season, the patient noted recurrent pains in the distal 
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ends of the metatarsal bones of his feet. These pains 
subsided in a few months and he was asymptomatic 
until the next football season when he played in his 
first varsity game. The following morning he awoke to 
find his right big toe red, hot, swollen and exquisitely 
tender. An x-ray film revealed a cystic lesion in the 
bone involved by the acute process. Surgery was 
advised and during the operation the diagnosis of 
gout was suspected for the first time. Thereafter, 
clinical studies including determination of serum uric 
acid established the diagnosis. 

The patient was treated successfully with colchicine 
and given a low purine diet for a brief period of time. 
He recovered uneventfully from his acute attack. 
Since then the patient has had about ten to twenty 
attacks of arthritis, only two of which have been severe 
enough to confine him to bed. These attacks all re- 
sponded to colchicine taken in quantities sufficient to 
cause diarrhea. The seizures have involved the hands, 
shoulders, feet, ankles and on rare occasions the 
knees. 

At the age of seventeen he noted, for the first time, 
the appearance of “‘little nodules” in the pulps of his 
fingertips. Since then tophaceous deposits have in- 
volved the fingers, big toes, elbows, ears, knees and 
tendons, such as the flexor tendons of the hands and 
the Achilles tendon of one foot. Initially the deposits 
increased in size very rapidly and caused marked 
damage to the bones in the hands and feet. About one 
and a half years ago, following an injury sustained 
while participating in sports, a hematoma devel- 
oped in the tophus on the patient's right elbow. This 
subsided without requiring surgery. More recently a 
tophus on one foot became infected following a minor 
abrasion and an area of necrosis developed that was 
slow to heal. 

At the age of twenty, following a severe attack of 
acute gout which responded to colchicine, the patient 
went to the Johns Hopkins Hospital where he was 
studied. The results of laboratory tests were: Serum 
uric acid, 10.2 mg. per cent; non-protein nitrogen, 58 
mg. per cent; phenolsulfonphthalein excretion, 48 per 
cent in two hours; urine concentration test, maximum 
specific gravity, 1.013; urinary sediment, negative. An 
intravenous pyelogram was attempted but because 
of very poor concentration of the dye the kidneys were 
not adequately visualized. His blood pressure was 
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Fic. 1. Chronic tophaceous gout in a twenty-one year 
old man. A, elbows; B, feet; C, hands. 


160/110 and during subsequent visits it was recorded 


at similarly high levels. 

The patient was started on a regimen of 2 gm. of 
benemid® and 4.5 gm. of sodium bicarbonate a day. 
A fortnight later an acute attack of gout developed 
which responded well to colchicine and thereafter his 
therapeutic regimen was supplemented with 0.6 mg. 
of colchicine a day. He remained on this program and 
returned to Johns Hopkins Hospital one year later. At 
that time both he and his physician thought the 
tophaceous deposits had not changed in size. Although 
they had not decreased, the previous relentless pro- 
gression appeared to have ceased. His serum uric 
acid was 14 mg. per cent; non-protein nitrogen 76, mg 
per cent; phenolsulfonphthalein excretion, 26 per cent 
in two hours. In an attempt to lower the serum uric 
acid the dose of benemid was increased to 3 gm. a 
day. Since then the patient has suffered occasional 
minor attacks of gout and no marked changes have 
occurred in his tophi. 

His past history reveals no symptoms suggestive of 
renal calculi. He had enuresis until the age of fifteen; 
examination of the urine at that time was reported as 
negative. 

The family history is significant. When the patient 
was referred to the Clinical Center in May, 1955, his 
mother accompanied him and during this visit she 
gave a history of having suffered marked pain in her 
right big toe during the preceding five weeks. Her 
serum uric acid level was found to be 10 mg. per cent 
and she was admitted to the Clinical Center with her 
son for evaluation of her gout. While under observa- 
tion typical acute gout developed which responded to 
colchicine. In addition, the patient’s maternal uncle, 
now aged forty-one, suffered an attack of acute 
arthritis at the age of twenty-six, while playing basket- 
ball, and since that time has had recurrent acute 
episodes of arthritis. After his nephew was found to 
have gout, the same diagnosis was established in this 
uncle and he too has been studied at the Clinical 
Center, where his serum uric acid was found to be 
11 mg. per cent. 

The rest of the system review and past history are 
non-contributory. 

On physical examination of the patient, a tall, thin, 
muscular youth, the blood pressure was found to be 
130/70, pulse rate 58 beats per minute. There were no 
significant changes in the retinas. The rest of the posi- 
tive findings were limited to the joints and sites Of 
tophaceous deposits. The pinna of the left ear bore 
several small tophi and that of the right ear had a soft, 
fluctuant, non-tender swelling in addition to a topha- 
ceous deposit. The extremities showed marked in- 
volvement of the interphalangeal joints and flexor 
tendons of several fingers, with massive tophaceous 
deposits. The wrists were similarly involved with urate 
deposits that caused limitation of motion. The topha- 
ceous deposits about the elbows, feet and hands are 
shown in Figure 1. The one on the right elbow was 
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stony hard and immovable, that on the left elbow was 
a soft, fluctuant mass with loose, gritty material inside 


it. The spine showed no clinical evidence of involve- — 


ment. The knees had several minor tophaceous 
deposits. The Achilles tendon of the right foot carried 
three large tophi. The toes were severely involved, 
with massive tophaceous deposits and marked impair- 
ment of function. No joints were tender, warm or red. 
Laboratory tests revealed: Hematocrit, 39 per cent; 
white blood count, 5,400 per cu. mm. with 51 per cent 
polymorphonucleocytes, 37 per cent lymphocytes, 
6 per cent monocytes and 6 per cent eosinophils. The 
eosinophilia was noted on several occasions and no 
cause for it could be determined. Urinalysis: No 
albuminuria; specific gravity, 1.009; urinary sedi- 
ment, rare red blood cell, occasional white blood cell. 
The serum uric acid was 10.5 mg. per cent. X-ray 
studies showed moderately advanced gouty changes 
involving multiple joints of the feet, ankles, elbows, 
wrists, hands and spine. Involvement of the spine was 
considered a most unusual finding in gouty arthritis. 
Retrograde pyelography revealed an abnormal ap- 
pearance of the renal calyces that suggested deposits 
in the collecting systems bilaterally. In addition, there 
was suggestive evidence for the presence of a stone in 
the left renal pelvis. 

In order to study the excretion of uric acid the pa- 
tient was given a purine-free diet that was constant in 
protein and caloric intake. When he was taking 3 gm. 
of benemid a day the urinary excretion of uric acid was 
341 mg. per day and the serum level was 10.5 mg. per 
cent. Following omission of benemid the urinary 
excretion dropped to 200 mg. per day with no change 
in the level of serum uric acid. Initially after starting 
sodium salicylate, 4.5 gm. per day, the urinary excre- 
tion of uric acid was 550 mg. per day and then leveled 
off at 450 mg. per day, with an associated drop in the 
serum uric acid to 8.9 mg. per cent. He was discharged 
therefore on a regimen of 4.5 gm. of sodium salicylate 
a day as a uricosuric agent and 4.5 gm. of sodium 
bicarbonate a day as an alkalizing agent to prevent 
urate deposition in the genitourinary tract. Symptoms 
of salicylism prevented the use of higher doses of 
salicylate. 

He was seen again in August, 1955, when he re- 
ported no obvious changes in his tophi. He thought 
one tophus on the left pinna was somewhat smaller 
and reported that another one had drained spon- 
taneously. In addition, he had recently abraded his left 
big toe while playing tennis and it had not healed. 
General physical examination and laboratory studies 
were as before. His blood urea nitrogen was 58 mg. 
per cent and the fasting serum uric acid was 9.5 mg. 
per cent. On a purine-free diet and continued salicyl- 
ate therapy the urinary uric acid excretion was 450 
mg. per day. During this admission the infected toe 
was treated with conservative measures and improved 
slowly. In addition, the large tophi were removed 
from both elbows and the surgical specimens were 
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Fic. 2. Early urate deposits in synovial membrane during 
acute gout. 


studied pathologically and chemically. Since this 
procedure the tophectomy site on the left elbow has 
healed, the one on the right drained serous fluid fol- 
lowing the procedure and about the middle of Sep- 
tember his school physician removed some necrotic 
tissue and opened it to drain. Since that time, the dis- 
charge has diminished somewhat, but still persists. 
He has had no acute attacks of gout. 

In summary, the following points are of interest in 
this patient: (1) The family history of gout. (2) The 
onset at an early age and the possible initial relation- 
ship to trauma. (3) The rapid progress of the topha- 
ceous aspect of this malady. (4) The complications 
of this disease, such as destruction of joints by the 
tophi, secondary infection of the tophaceous deposits 
and the marked impairment of renal function. (5) The 
difficulty in managing this patient is that he does not 
achieve a satisfactory uricosuria from benemid, pre- 
sumably due to his renal impairment. 


Question: Has he ever had any fine gravel or 
fine stones in his urine in the past? 

Dr. Laster: The patient gives no history of 
gravel in the urine or renal pain. 

Question: Are there any precipitating causes 
for the attacks? 

Dr. Laster: After detailed questioning we 
could find no obvious precipitating causes. He 
has, through the years, continued to play golf 
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Fic. 3. Advanced urate deposits in articular cartilage, 
subchondral bone and synovial membrane of patient 
with gout. (From: Sokaloff. Am. J. Clin. Path., 24: 406, 
1954.) 


and tennis, and this exertion and trauma do not 
seem to have brought on acute attacks. He can- 
not relate acute attacks to the ingestion of any 
specific foods or drinks. He does not consume 
much alcohol in any form. During the period we 
have studied him, we have noted no precipitat- 
ing factors to his attacks. 

Dr. STETTEN: Thank vou, Dr. Laster. As you 
will have noted, the tophi were removed and 
studied here. Dr. Sokoloff will report to us on the 
pathologic findings of these specimens. 

Dr. Leon Soxo.orr: The characteristic lesion 
of gout is the tophus or foreign body granu- 
loma which forms about the deposits of urate 
crystals. 

A section of synovial membrane from a pa- 
tient who was experiencing an acute attack of 
gouty arthritis is shown in Figure 2. The section 
has been prepared by de Galantha’s method 
which is a simple and valuable method for 
demonstrating water-soluble biurate crystals 
that are not ordinarily preserved in routine 
histologic preparations. The presence of individ- 
ual urate crystals, singly and in clumps, would 
seem to represent an early stage in the formation 
of a tophus. At times this is accompanied by an 
acute purulent inflammatory component. Figure 
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Fic. 4. Lipid matrix materials associated with urate 
deposits as revealed by oil red O stain 


5 illustrates advanced changes. Urate crystals 
appear as a dark black material. In this photo- 
graph they are deposited the artcular 
cartilages, in the chondral bone and synovial 
membrane. As a result of these deposits the 
articular cartilage is becoming eroded in many 
areas and there is a complicating development of 
osteoarthritis with large marginal osteophytes. 

The tophus that was excised from the elbow 
region of the patient presented here today in- 
volved the wall of the bursa of the elbow, but not 
the bursal space. It had a characteristic appear- 
ance microscopically. By means of a special 
stain it was possible to demonstrate things that 
are not commonly appreciated. In Figure 4 we 
sec a frozen section that was stained with oil 
red ©. Large amounts of lipid material were 
found in the areas of crystal deposition and 
constituted a large portion of the matrix sub- 
stance in which the crystals lay. In other areas 
of the tophus, lipid material was not present in 
the matrix. Stained with toluidine blue, meta- 
chromatic intercrystalline material appeared 
violet in contrast to the blue-stained surrounding 
connective tssues. 

These sections illustrate the fact that at some 
stages in the evolution of the tophus, complex 
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matrix materials are associated with the crystals. 
At the present moment it is not possible to state 
that these materials represent a response of the 
tissues to the presence of urate crystals. It is an 
intriguing thought that they may be responsible 
in some manner for the deposition of the crystals. 
Undoubtedly they constitute an important part 
of the tophus. 

The renal lesions of gout present another area 
of uncertainty in the pathogenesis of the disease. 
Although a urate crystal nephrosis is un- 
doubtedly present in a large number of patients 
with gout, it is most often of limited proportions. 
Arteriolar nephrosclerosis and chronic pyelo- 
nephritis are common pathologic findings in 
patients with gout. The relation these bear to 
the gout crystal nephrosis is not clear. In the 
present instance the possibility that the patient 
has a urate calculus may offer an opportunity to 
obtain biopsy tissues that will elucidate the na- 
ture of his renal lesion. 

Dr. Sterren: Thank you, Dr. Sokoloff. Dr. 
Bunim will now review the clinical management 
of this disease. 

Dr. Josern J. Bunim: The case just presented 
is unusual but not unique. Gouty arthritis, and 
especially tophaceous gout, rarely occurs in 
teenagers. Yet Garrod reported instances of 
acute gout before the age of ten. This patient 
experienced his first attack at age sixteen. Very 
likely he had hyperuricemia for years before his 
initial bout of arthritis. 

The family history is typical. In this case the 
trait was inherited from the maternal side. The 
mother of this patient and her brother were 
studied at this Institute; they both have hyper- 
uricemia and gouty arthritis. The mother’s 
father and two sisters had renal calculi but we do 
not know whether or not they had hyper- 
uricemia. A history of gouty arthritis in these 
three members was denied. The passage of renal 
calculi, or indeed the appearance of tophi, may 
precede the first attack of acute gouty arthritis. 
About 25 per cent of the relatives of patients with 
gout have hyperuricemia, the vast majority 
being males [2]. Of those members who have 
elevated uric acid in the blood, only about 10 per 
cent of the heterozygotes for this factor present 
clinical manifestations of gout [3]. Hyper- 
uricemia in family members is due to a single, 
autosomal, dominant gene. Although 95 per cent 
of patients with overt gout are males, the trait of 
hyperuricemia is not sex-linked. It is believed 
that heterozygous women are less likely to have 
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elevated serum urate because of a lower normal 
blood level in females, and of a lessened effect of 
the abnormal gene in women. 

The age of onset of gouty arthritis in this pa- 
tient was sixteen, in his maternal uncle, twenty- 
three, and in his mother it was fifty, following 
her menopause. Hippocrates stated that he did 
not observe a case of gout in females before the 
menopause. It is also typical that in the two 
young male members the disease is severe and 
tophaceous; in the middle-aged woman it is 
relatively mild and non-tophaceous. 

Not uncommonly, an attack of gout is precipi- 
tated by a surgical procedure and the diagnosis 
should be considered whenever acute arthritis 
occurs postoperatively. In this patient, however, 
the acute articular episode appeared first and the 
diagnosis of podagra was made by the surgeon 
after he cut into the first metatarsal bone ostensi- 
bly to enucleate a bone cyst. Following the 
operation the blood was analyzed and hyper- 
uricemia discovered. 

During the first year of this patient's illness 
several acute brief bouts of arthritis occurred and 
he was, characteristically, completely symptom- 
free between attacks. At the end of only one year 
tophi appeared. It was apparent then that the 
patient had embarked quite early on a severe 
course of chronic tophaceous gout. One is 
tempted to label this a case of “‘juvenile gout,” 
reminiscent of juvenile diabetes in severity and 
in difficulty of management. 

Four vears after the onset of arthritis, at age 
twenty, renal disease had developed with pro- 
gressively increasing azotemia, decreasing phe- 
nolsulfonphthalein excretion and fixed specific 
gravity of the urine. It is noteworthy that per- 
sistent hypertension, albuminuria and cylin- 
druria are absent. Modern and Meister [4] 
recently drew attention to this distinctive 
combination of abnormal renal findings and 
thought it was characteristic of the tophaceous 
“kidney of gout.”’ They believed the intrinsic 
renal lesion in gout is an ascending one, due to 
compression of the collecting tubule by the 
pyramidal and medullary urate deposits and 
eventual atrophy of the nephron which the 
tubule subserves. There is no unanimity, how- 
ever, among many qualified observers as to 
the pathogenesis of renal disease in gout. Chemi- 
cal injury resulting from filtration of excessive 
amounts of relatively insoluble urates and 
ischemia following vascular sclerosis in conjunc- 
tion with secondary infection and pyelonephritis 
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seem to constitute a reasonable explanation of 
the diverse renal lesions found at autopsy. 

The treatment this patient received conforms 
well with what is currently recommended, al- 
though it has not led to spectacular results in this 
particular case. Although colchicine has been 
used to abort acute attacks of gout for more than 
1,400 years, satisfactory measures for prophylaxis 
and treatment of chronic tophaceous gouty 
arthritis have evolved only in the past five 
years [5]. 

The management of gouty arthritis varies 
with the type of the attack and the stage and 
severity of the disease. Acute attacks not only 
can be aborted quite satisfactorily but can also 
be prevented. 

In acute gouty arthritis colchicine given 
orally in doses of 0.6 mg. every hour untul 
nausea or diarrhea develops is almost always 
effective; so much so, that this drug is used as a 
diagnostic test for gout. A total of 8 mg. is the 
average amount required. Colchicine admin- 
istered intravenously may be more satisfactory, 
since it acts sooner and in most instances termi- 
nates the attack before inducing objectionable 
gastrointestinal symptoms. We have found the 
intravenous route effective in patients who did 
not respond to oral administration of colchicine. 
Doses of 1 or 2, or sometimes 3 mg. in 20 cc. of 
saline are given as early in the attack as possible 
and repeated if necessary four to eight hours 
later. Following the acute attack oral colchicine, 
in doses of 0.6 mg. two or three times daily, is 
continued for about a week. If the patient has 
more than one or two attacks a year it is worth- 
while instituting prophylactic therapy which 
consists of 0.6 to 1.8 mg. each night before 
retiring. 

Phenylbutazone has also been found to be 
quite effective and usually terminates an acute 
episode in twenty-four to forty-eight hours. 
In the first dose 400 mg. are given orally and 
100 mg. every four hours thereafter for four 
more doses. On the second day 100 mg. are given 
every six hours for four doses following which 
daily maintenance doses of colchicine are given, 
as previously mentioned. When given for only 
two days phenylbutazone is rarely, if ever, toxic 
and, unlike colchicine, its administration is unac- 
companied by unpleasant intestinal symptoms. 

Corticotropin given intramuscularly in a sin- 
gle injection of 100 mg. is also a very useful 
therapeutic agent in acute gouty arthritis. 

The pathogenesis of acute gouty arthritis is not 
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understood. It is probably neither related to 
hyperuricemia nor is it caused by urate deposits 
in the joint structures. The treatment of an acute 
attack therefore remains empirical. It is one of 
the engimas of medicine that colchicine, which 
does not affect uric acid metabolism, aborts and 
often prevents acute attacks of gouty arthritis, 
whereas probenecid (benemid), which is a 
very potent uricosuric agent, is of no value dur- 
ing the acute episode. 

The pathogenesis of chronic gouty arthritis is 
more clearly understood. It is due to urate de- 
posits in the tissues of and near the joints. 
Uricosuric agents such as probenecid (benemid) 
or salicylates in adequate doses inhibit the reab- 
sorption of urates at the proximal tubule and 
thus increase urinary excretion, usually restore 
to normal the concentration of uric acid in the 
blood and interstitial fluid, and consequently 
mobilize the urates in the tissues. Provided 
probenecid is taken faithfully and without 
interruption for prolonged periods (several 
years), new tophi do not appear and pre-existing 
tophi do not increase in size. Not infrequently, 
the tophi soften and shrink in size and occa- 
sionally disappear. The required daily dose of 
probenecid will vary from 0.5 to 2 or 3 gm., 
according to the uricosuric response of the in- 
dividual patient, the degree of excess of urates in 
the body, the patient's daily intake of purines 
and fats, the severity of functional impairment 
of the kidneys and the susceptibility to renal 
calculi. After maximum mobilization of urates 
has been achieved, the maintenance or prophy- 
lactic dose may be lowered. In about 10 per cent 
of the cases probenecid must be discontinued 
because of undesirable side-effects. These consist 
of gastrointestinal disturbances, hypersensitivity 
reactions, precipitation of urate gravel or calculi 
in the kidney, or the development of an acute 
gouty attack |6]. Since salicylates and probenecid 
are mutually antagonistic in inhibiting urate 
reabsorption by the tubular epithelium, these 
two drugs should not be given simultaneously {7}. 

The most effective means of preventing or re- 
ducing the frequency of recurrent attacks of 
gouty arthritis is the daily administration of 
combined colchicine and probenecid therapy. 

The diet of the gouty patient should consist 
of restricted purines and fats, approximately 
70 gm. of protein daily, and abstinence from 
beer and wine. 

Dr. Srerren: Thank you, Dr. Bunim. 

Our own interest in the metabolic defect in 
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Fic. 5. Contribution of glycine atoms to uric acid. 


this disease dates back a matter of eight years and 
the work which I am now going to discuss very 
briefly was carried out in collaboration with a 
number of the members of this program, and in 
addition, Miss Benedict, Dr. Forsham, Dr. 
Roche, and Dr. Gutman and Dr. Yii and their 
collaborators. 

The structures of some of the compounds we 
have under discussion are shown in Figure 5. 
Glycine has been shown in mammals and birds 
to be a precursor specifically of two of the carbon 
atoms and one of the nitrogen atoms of the purine 
nucleus, ultimately appearing in the uric acid 
excreted. 

Our own studies started with an attempt to 
measure a quantity which we termed the misci- 
ble pool of uric acid [8]. To explain the basis for 
these studies, let the quantity of uric acid which 
is contained in the body in a miscible state be 
represented as “A.” If this is enriched with 
isotope to some value, “‘I,”” and if one then makes 
the plausible assumptions that the quantity in 
the miscible pool is constant, that the rates of 
ingress and egress from the pool are equal to 
each other and also constant, one may then 
show a logarithmic relationship between the 
isotope abundance and time. The logarithm of 
the isotope concentration plotted against time 
will give a straight line with a slope equal to the 
fraction of the pool replaced per unit of time, and 
an intercept equal to the logarithm of the isotope 
concentration at the moment of mixing at time 
zero. The validity of this derivation is confirmed 
by experimental results obtained in the normal 
subject. We have now done quite a number, and 
similar studies have been carried out in the 
laboratory of Dr. Talbott [9,70]. 

Essentially linear relationships are secured 
when the logarithm of the isotope in excreted 
uric acid is plotted against time after the 
intravenous injection of uric acid in tracer 
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amounts. In these experiments the urate was 
labeled with N'*; more recently, Dr. Seegmiller 
has been doing experiments in which C'*-labeled 
urate was administered and essentially identical 
relationships were observed. Similar linearity of 
response plotted on these coordinates has also 


TABLE 1 
INJECTION OF ISOTOPIC URIC ACID INTO NORMAL SUBJECTS * 
= 
SP eS SR SPER Ss 
D.C. 13410533 715 602 |113 73 2.6 6.0 
R. B. (1173.0.591' 693; 563 | 62 2.7 | 6.2 
G. W. 11450.757 867 616 |251| 76 2.2 | 4.4 


* From Benedict, Forsham and Stetten [8]. 


been found in gouty subjects. From the slopes 
and the intercepts of such plots one may calculate 
the magnitude and the turnover rate of the 
miscible pool of urate. 

In Table 1 are values obtained in normal 
subjects. The magnitude of the miscible pool is 
computed as the quantity of uric acid which 
dilutes the isotopically injected uric acid at the 
moment of injection. It will be noted that the 
value is in the neighborhood of 1 gm. There is 
about 1 gm. of uric acid in the body of the nor- 
mal male in this miscible condition. It turns over 
fairly rapidly. Fifty to 75 per cent of this pool is 
replaced daily by newly synthesized uric acid. It 
was noted early that in every case—and this has 
been the recurrent experience from a number 
of laboratories—the quantity of uric acid cal- 


7 
CH — 
O=C 
N N 
H H 


814 


culated as entering the miscible pool each day 
exceeded the quantity of uric acid excreted in 
the urine. The surplus, which is the difference 
between these two figures, ranges from 100 to 
250 mg. per day. If it is believed, as we believe in 
these normal subjects, that uric acid is not ac- 
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Fic. 6. Cumulative recoveries of N'* in major urinary 
constituents after administration of uric acid.N'* to a 
normal subject. The recovery of N'° in each constituent 
expressed cumulatively in per cent of the administered 
dose has been plotted against time. (From Wyngaarden 
and Stetten| 77). 


cumulating, this must represent uric acid which 
is disposed of by other routes. 

Further to explore this, Dr. Wyngaarden and 
I—actually he was the subject as well as the 
chemist in this project--gave rather larger 
amounts of isotopic uric acid N'*, and then iso- 
lated, in addition to uric acid, urea and am- 
monia from the urine. Isotope was found in both 
urea and ammonia, as well as in uric acid (Fig. 
6). This we believe to be the first clear cut 
demonstration of the occurrence of uricolysis in 
the normal human male [7/7]. 

It should be mentioned that this is the rule 
rather than the exception in the mammalian 
species, other than the anthropoid apes and the 
much discussed Dalmatian coach hound. In 
most mammals that have been studied, uric acid 
is abundantly destroyed. In man there has been 
a controversy dating back thirty vears as to 
whether uric acid is or is not destroyed. We take 
the experiment described as quite conclusive 
evidence that uric acid is destroyed in man and 
in Table u are shown some numbers. 

Some 17 per cent of all of the isotopic nitrogen 
administered as uric acid was excreted as urea In 
the succeeding nine or ten days of the experi- 
ment. Because it was known that many bacteria, 
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including some forms which are known to occur 
in the gastrointestinal tract, are capable of 
catabolizing uric acid, it was considered impor- 
tant to attempt to ascertain whether this was a 
mammalian or microbial reaction. Dr. Wyn- 
gaarden was placed on a regimen of phthalyl- 


TABLE U 
URINARY EXCRETION OF NITROGENOUS CONSTITUENTS IN 
14-DAY PERIOD AFTER URIC ACID-N-'° ADMINISTRATION 
TO THE NORMAL suByECT* 


Total Per cent of 


| 16.8 
Ammonia...... 0.5 


* From Wyngaarden and Stetten {77}. 


TABLE Ul 
INJECTION OF ISOTOPIC URIC ACID INTO GOUTY SUBJECTS * 


Mean 
Pool Weicht Serum 
Subject in Body 
(A) (C) Level 
| (kg) Water 
(mg. % 
4742 74 9.2 6.9 
A. L. 18450 75 35.1 9 6 


* From Benedict, Forsham and Stetten {4}. 


sulfathiazole which produced a_ remarkable 
bacteriostasis in his intestinal tract. The 
experiment was then repeated and in_ the 
second experiment essentially the same amount 
of uric acid nitrogen was found to be recoverable 
in the excreted urea. From this we were forced 
to believe that the uricolysis that was being 
observed was a mammalian process. The organic 
site where this occurred we could not infer, and 
this has been a matter of debate in various 
laboratories. It may occur in the bile; it may oc- 
cur in the white cells; it has been proposed that it 
might occur in the red cells [7/2]. The answer to 
this question is not known. 

The data presented thus far have related to 
normal subjects. We have also by this method 
studied gouty subjects and two experiments are 
summarized in Table 1. The first gouty subject 
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had a history of two attacks of podagra. His 
serum urate was not remarkably elevated. How- 
ever, his miscible pool was four times that 
observed in the normal subject. The second 
subject was known as the goutiest man in Boston. 
His miscible pool was some fifteen times the 
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Fic. 7. Distribution of urate miscible pool in @ plasma, 
(——) extravascular water, (__) solid phase and miscible 
pool. A, initial distribution; B, after six months without 
specific medication; C, after three months therapy with 
sodium salicylate; N, average values of normal subjects. 
(From Stetten. Bull. New York Acad. Med., 28: 664, 
1952.) 


value observed in the normal. His serum urate 
was high but certainly not high in proportion to 
the quantity of the urate which was present in 
this man’s body and capable of prompt mixing 
with intravenously injected uric acid. ‘This 
quantity, as a matter of fact, was so large it 
could not be conveniently accounted for as uric 
acid in solution. We were forced to conclude that 
a major portion of his miscible urate resided in 
the enormous tophaceous masses which. this 
patient presented at a variety of joints. 

On the basis of rather conventional assump- 
tions, we have divided the urate contained in the 
miscible pool into three compartments (Fig. 7), 
the solid black sector representing urate which 
can be accounted for as in solution in plasma, the 
hatched sector representing urate which can be 
accounted for as in solution in extravascular 
water, and the unshaded area representing urate 
which is both in the miscible pool and simul- 
taneously in the solid phase. The figure ‘‘N” 
represents the average of a number of normal 
observations. The figure labeled ‘“‘A’’ was our 
first study on this extremely gouty subject. It 
should be borne in mind that certainly not 
all the urate in the tophi was miscible. This man 
probably had many pounds of uric acid that he 
was carrying around with him, much of which 
was undoubtedly immiscible with serum urate. 

He was seen some six months later. During this 
interval from ‘‘A”’ to “‘B” there was no specific 
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therapy and at this time his miscible pool had 
increased from some 18,000 mg. to a matter of 
30,000 mg. He was then given uricosuric doses of 
salicylate and fortunately he was one of those 
patients who could tolerate large amounts of 
salicylates for a long period of time. Some three 
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Fic. 8. Incorporation of glycine N'* into urinary uric 
acid. (From Benedict, Yii, Bien, Gutman and Stetten. 
J. Clin. Investigation, 32: 775, 1953.) 


months later he was seen again, and at this time 
the magnitude of his miscible pool had declined 
from 30,000 mg. to a matter of 2,000 mg. or 
roughly twice normal. At this time when we 
computed the quantity of still miscible urate 
that was in the solid phase, it turned out to be 
essentially zero. 

We were then faced with the problem that in 
gout there is far more miscible urate than there is 
in the normal subject. ‘The question is: Where 
did it come from? Two possibilities had to be 
considered from the metabolic point of view: 
One, that it was over-produced; the other, that 
it was disposed of less rapidly than was normal. 
In order to investigate this it was convenient and 
desirable to give a precursor of uric acid rather 
than uric acid itself. 

Figure 5 shows the relationship between 
glycine and uric acid. In these experiments the 
N!® label was used. More recently, C!*-labeled 
glycine was used and again the results are roughly 
comparable. | 

Figure 8 shows results of a number of experi- 
ments in which the abundance of N!* in urinary 
uric acid is plotted as a function of time after the 
ingestion of glycine N'*. The broken lines repre- 
sent normal subjects, and it will be observed that 
in the normal subjects the abundance of isotope 
in urine rises to a maximum three or four days 
after its administration. Similar curves have 
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been achieved on at least two gouty patients in 
this study. However, there have been a number 
of gouty patients—two represented here—in 
whom something quite different has happened. 
The abundance of N™ rose rapidly to a maxi- 
mum which was achieved in these two cases on 
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Fic. 9. Cumulative values for incorporation of N'* from 
glycine into uric acid in the same patients as in Figure 8. 
(From Benedict, Yii, Bien, Gutman and Stetten. /. Clin. 
Investigation, 32: 775, 1953.) 


the second day, followed thereafter by a decline 
which is far more rapid than normal. 

These same values plotted cumulatively up to 
the ninth day are shown in Figure 9. It will be 
observed that urate is a relatively minor product 
of glycine nitrogen. In the normal patients only 
about one-tenth of one per cent of all of the gly- 
cine ingested could be accounted for as uric acid. 
This is true, as will be seen, of some of the gouty 
patients but in these two it will be noted that the 
value is some three or four times the normal. 

We observed that there was very good cor- 
relation between the ability of the patient to 
convert ingested glycine into uric acid and the 
abundance of uric acid excreted daily while on a 
basal diet. There are some gouty patients, ac- 
cording to Gutman’s figures about 25 per cent, 
who, on a basal diet, excrete more uric acid than 
normal. It appears to be among them that we 
find patients who do this sort of thing. Whether 
this represents a different disease than that seen 
in the other subjects, or whether these two pic- 
tures represent different phases of the same dis- 
ease, is at the present time not entirely clear. 

In Figure 10 are shown metabolic pathways to 
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indicate that in certain gouty subjects glycine 
appears to find its way into uric acid by a rapid 
route which appears to circumvent the metabol- 
ically sluggish intermediates, particularly the 
purines adenine and guanine, which are known 
to be relatively inert metabolically, and par- 
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bic. 10. Proposed metabolic shunt in certain patients 
with gout. 


ticularly in the deoxyribonucleic acids of the 
adult cell. 

It is suggested there might be operative a 
mechanism which is perhaps not dissimilar to the 
mechanism normally operative in the bird and 
reptile. In these species uric acid is the major 
excretory form of metabolic nitrogen. The bird 
makes an abundance of uric acid from a variety 
of nitrogenous precursors and excretes them. 
However, it is endowed with a kidney capable 
of excreting urine, as is known to you, which is 
generally solid or semi-solid. We are inclined 
to picture the gouty individual as having at least 
a vestige of avian metabolic pathways with- 
out being simultaneously endowed with avian 
kidneys. 

The next component that we thought should 
be investigated was the pattern of amino- 
imidazolecarboxamide, and I shall ask Dr. 
Seegmiller to report on this compound. 

Dr. J. E. Seecmicver: For further exploration 
of the metabolic abnormalities in gout we chose 
to study the pattern of incorporation of 4-amino- 
5-imidazolecarboxamide (referred to as AIC) 
into uric acid. Although this compound was not 
known to be incorporated into uric acid in man, 
previous studies in the rat had demonstrated its 
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Fic. 11. Structural relationship of 4-amino-5-imidazolecarboxamide and 4-amino-5- 


carboxamideimidazalone to uric acid. 


incorporation into the counterpart of uric acid, 
allantoin [7/3], as well as into tissue purines [74]. 

The close relationship of the chemical struc- 
ture of this compound to purines is apparent in 
Figure 11. We were able to synthesize this com- 
pound in Dr. Stetten’s laboratory with carbon 
13, the heavy, non-radioactive isotope of carbon, 
in position 4 as indicated. Another compound, 
4-amino-5-carboxamide-imidazalone, also shown 
in Figure 11, is structurally more closely related 
to uric acid than is AIC. It seemed reasonable to 
think that a pathway of urate biosynthesis that 
would by-pass the usual purine metabolism 
might very well involve a compound such as this. 
It was therefore synthesized with carbon 13 in 
the two-position, as indicated, by Dr. Lloyd H. 
Smith, also in Dr. Stetten’s laboratory. Dr. 
Smith found that the imidazalone was not in- 
corporated into uric acid by either the pigeon or 
normal man [75]. AIC, on the other hand, was 
found to be a very effective precursor of uric acid 
in man. 

Dr. Laster and I first determined the pattern 
of incorporation of this compound into urinary 
uric acid in two normal human subjects [76], 
maintained on a 70 gm. protein diet, constant in 
calories, and very poor in exogenous purines. 
After an equilibration period of at least ten days 
AIC was given orally with breakfast. Since we 
were also interested in doing this in gouty 
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patients and would need to classify them as to 
their pattern of incorporation of glycine N", 
this substance was given simultaneously. 

In Table tv we see that 20 per cent of the 
ingested dose of AIC was excreted in the urine, 


TABLE IV 
RECOVERY OF C'* FROM AIC IN URINARY PRODUCTS * 
(The Cumulative Recoveries of C'* in Urinary AIC and 
Uric Acid have been Calculated as Percentages of 
C' fed as AIC) 


Per cent of 

Administered 

Dose of AIC 

LES ILL 
C' in uric acid excreted in 14 days... 21 20 
C"* in uric acid excreted in 15-21 days... 3 
Total C** accounted for.............) 41 44 


* From Seegmiller, Laster and Stetten [76]. 


unchanged, within the first eight hours. Another 
20 to 23 per cent of the carbon 13 was recovered 
in the urinary uric acid during the succeeding 
two to three weeks. This leaves around 56 to 59 
per cent of the AIC unaccounted for. A portion 
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of this is presumed to have entered tissue 
purines and possibly other metabolites. 

The AIC in the urine’ was isolated and the 
isotope content was found to be essentially the 
same as the dose administered, indicating that 
there had been no dilution by a body pool of the 
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Fic. 12. Incorporation of 4-amino-5-imidazolecarbox- 
amide-4-6'* (AIC) into urinary uric acid in two normal 
subjects. (From Seegmiller, Laster and Stetten|76)). 


substance. There was no evidence, then, that 
AIC is a normal metabolic intermediate. Evi- 
dence from other sources suggests that the 
ribouide of AIC is the normal intermediate 
in purine synthesis |/7]. Although AIC is proba- 
bly not a normal intermediate, itis very promptly 
converted to uric acid. (Fig. 12.) During the 
two days following its ingestion, 200 mg. of 
extra uric acid appeared in the urine. The maxi- 
mum isotope incorporation of 1.3 atom per cent 
excess was achieved at fourteen hours, and 
corresponds to an isotope dilution of only 8.5 
fold. This prompt incorporation can be con- 
trasted to the rather slow incorporation of 
glycine which is maximal only after three or 
four days, indicating that AIC entered the 
metabolic chain of reactions, as we had antici- 
pated, at a point closer to uric acid. The decline 
in carbon 13 enrichment has a rapid and a slow 
component when plotted on hemilogarithmic 
coordinates. | 

The rapid component probably results pri- 
marily from the turnover of the body pool of 
uric acid. If this were the only labeling that had 
occurred we would expect it to follow a straight 
line. However, after the sixth day a slower con- 
tribution of carbon 13 to the uric acid pool was 


apparent. Presumably this represents a turnover 
of uric acid precursors which had been labeled 
by the administration of AIC-C'*. That tissue 
purines may be among these precursors seems 
reasonable, as the animal studies showed that 
nucleic acid purines are labeled by AIC. 
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Fic. 13. Decreased incorporation of glycine N'* into 
urinary uric acid when administered with AIC to a 
normal subject. 


An unexpected finding was a marked depres- 
sion of the enrichment of uric acid with respect to 
N'® below the values expected from previous 
glycine N'* studies of normal subjects, as shown 
in Figure 13. That this was an effect of AIC, was 
shown by repeating the studies, using only 
glycine N'* in the same subjects. The results are 
shown by the upper lines. Evidence that this 
was not the result of simple dilution with the 
extra uric acid arising from AIC was provided 
by degrading the uric acid molecule and deter- 
mining the N'*® content in various positions. 
That this was not an effect of the bodies’ disposi- 
tion of glycine was shown by obtaining essentially 
identical patterns of N'*° incorporation § into 
urinary creatinine in the presence and absence of 
AIC, showing that the glycine fed was metabol- 
ically available for creatinine synthesis. This 
evidence supports the view that this is a true 
suppression of the de novo synthesis of uric acid, 
and presumably of purine, by a pharmacologic 
action of AIC. 

These studies were repeated in several gouty 
subjects (Fig. 14), and AIC again exerted a 
similar depression of N'® incorporation from 
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ylycine into uric acid. When glycine was 
given alone the pattern of incorporation was 
essentially that of the normal individual, so this 
patient was not one who incorporates excessive 
amounts of N'® and presumably therefore does 
not have the metabolic shunt from glycine. 
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Fic. 14. Decreased incorporation of glycine N** into 
urinary uric acid when administered with AIC to a 
patient with gout. 


In Figure 15 is shown the pattern of incor- 
poration of AIC into uric acid in a gouty sub- 
ject, indicated by the upper line. The maximum 
(:'* incorporation was fairly close to the values 
obtained in the normal individual. Uric acid C'* 
was injected at the time of maximum enrich- 
ment with C'*. The subsequent decline in C'* en- 
richment, shown by the lower line, should then 
be indicative of the pool turnover of urate. The 
fact that these lines do not coincide graphically, 
illustrates the presence of an initial rapid con- 
tribution to the urate pool, followed by a slow 
contribution of C'* to uric acid; hence, there are 
two pathways to uric acid from AIC. When one 
considers that this patient’s miscible pool of 
uric acid was around 2,000 mg., which is about 
twice normal, while the maximum enrichment 
with C'* was close to values seen in the normal 
subject, this would suggest a greater total initial 
incorporation in these patients. A greater per cent 
of C'%, fed as AIC, appeared in urinary uric acid 
in the ensuing three weeks in all three gouty 
patients than in normal subjects, but the differ- 
ences between some of them is not great. 
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In summary we have shown the following: 
(1) AlCis incorporated into uric acid in man via 
two pathways—a rapid, direct pathway and a 
slower, indirect path, possibly via body purines. 
(2) AIC administration at the dosage used 
interferes with the synthesis of uric acid from 
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Fic. 15. Incorporation of 4-amino-5-imidazolacarbox- 

amide-4-C'* (AIC) into urinary uric acid in a patient 

with gout. Urate pool was labeled with uric acid -2-C'* 

injected intravenously at time indicated by the arrow. 


glycine. (3) There is some preliminary evidence 
suggesting that a greater amount of C'* is in- 
corporated into urinary uric acid of three gouty 
patients fed AIC-C"* than was found in norma! 
individuals, although many aspects of the pat- 
tern of incorporation were very similar to that 
of the normal. 

Dr. Stetren: Thank you, Dr. Seegmiller. 
Dr. Wyngaarden will now report on the studies | 
that have been conducted of the effects on uric 
acid metabolism of the several uricosuric agents 
that are in use today. 

Dr. JAmMes B. WYNGAARDEN: Uric acid exists in 
plasma at pH 7.4 almost exclusively as the 
monoalkali salt. Plasma urate is completely 
ultrafiltrable [7/8], and dialysis equilibration 
studies have indicated that something less than 
4 per cent of plasma urate exists in bound 
form [7/9]. For these reasons plasma urate is 
believed to be completely filterable at the 
glomerulus. 

In normal man all but 5 to 10 per cent of the 
filtered urate is reabsorbed in the renal tu- 
bules [20,27]. Studies conducted on gouty 
individuals in various stages of their disease have 
indicated there is no important departure from 
this pattern in gout [22,23]. Despite marked 
variations in renal function in this disease, and 
therefore in the filtered load of urate, all but 5 to 
10 per cent of that filtered load is reabsorbed. 
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‘TABLE V 
EFFECT OF PHENYLBUTAZONE (PB) ON URATE METABOLISM IN TWO NORMAL SUBJECTS * 
Miscible 1 Urinary Recovery Volume of 
Experi- Pool (KA) Excretion B/KA X 100 of Injected Distribution 
(A) Pi (B) (%) Uric Acid of A 
(mg.) | (mg./day) (%) (L..) 
W. Control 5.4 iste 2 580 + 28 476 82 76 23.6 
PB 2 716 + 108 | 776 + 122 | 644 + II 83 93 28 6 
>. Control 651 + 34 501 + Z/ 400 +13 80) 73 15.1 
PB BS at £32 413 + 39 405 +5 8 93 20.0 


From Wyngaarden 


It is now known that young patients with gout 
frequently have normal urate clearances [24]. It 
follows that in such individuals with high serum 
urate levels and normal glomerular filtration 
rates, both the total quantity of urate reabsorbed 
and the total quantity of urate excreted daily 
are in excess of normal. However, many patients 
with long-standing gout excrete less than normal 
quantities of urate daily. Because of this observa- 
tion many of the older treatises on gout at- 
tributed the accumulation of urate by the gouty 
individual to a specific renal defect in urate 
excretion. However, application of the most 
refined available methods for assessing discrete 
renal functions has failed to establish a primary 
intrinsic defect in renal excretion of urate in 
gout [22,23]. The low urinary urate excretion 
commonly found in late gout is attributable to 
impairment of renal function which so often 
develops as a complication of this disease. 

In certain disorders in which there is wide- 
spread tubular damage, such as Wilson’s dis- 
ease [25] or de Toni-Fanconi syndrome, a con- 
siderably smaller percentage of filtered urate 
may be reabsorbed. In one patient with Wilson’s 
disease recently studied here, 30 per cent of the 
filtered urate appeared in the urine [26]. In 
one case of de Toni-Fanconi syndrome studied 
by Sirota et al. [22], the filtered urate appeared 
quantitatively in the urine. Obviously, such 
renal defects are reflected in abnormally low 
urate levels. 

The uricosuric agents of use in gout have been 
found to act by suppressing partially the tubular 
reabsorption of filtered urate. This has been 
shown to be true of probenecid [22], of salicy]- 
ates [27], of phenylbutazone [28], and of adrenal- 
cortical steroid hormones [29]. 

When phenylbutazone was first used it was 


reported from a number of centers [3-32] that 
this drug lowered the serum urate level in gouty 
subjects without causing an increase in urinary 
urate excretion. Because of these findings it was 
suggested that phenylbutazone might influence 
the production [32], distribution or destruction 
of uric acid in the body. 

We undertook to investigate this problem with 
the use of N?°-labeled uric acid. Two individuals 


were placed on purine-poor diets and urinary 


and serum urate levels were determined for 
several days. When urinary excretion values had 
reached constant levels a small quantity of uric 
acid N'® was injected and the miscible pool and 
the rate of turnover of uric acid determined. 
Following this, phenylbutazone was adminis- 
tered for several days and after a suitable uri- 
cosuric effect was achieved the N' uric acid 
study was repeated. The recovery of unchanged 
isotopic uric acid in urine was determined for 
both experiments; also, the apparent volume 
of distribution of the miscible uric acid was 
calculated for both experiments. (Table v.) 

In the first subject the miscible pool of uric 
acid was 1,272 mg. initially. After five days of 
phenylbutazone ingestion (Figure 16), the 
plasma urate had declined from 5.4 to 2.0 mg. 
per cent, and the pool was 716 mg., a value 556 
meg. less than the initial value of the miscible 
pool. During this time there had been a cumu- 
lative increment in urinary urate excretion of 
598 mg. Therefore, the decline of the uric pool 
size was quantitatively explained by the incre- 
ment in urinary urate excretion. Furthermore, 
the turnover of urate, that is, the rate of genera- 
tion of new urate molecules, was not significantly 
different prior to and during phenylbutazone 
ingestion. 

The portion of injected isotopic uric acid re- 
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covered unchanged in urine in the initial experi- 
ment was 76 per cent and in the subsequent study 
93 per cent, so there appeared to be no increase 
in the quantity of uric acid disposed of by extra- 
renal pathways or by uricolysis during phenyl- 
butazone ingestion. The volume of distribution 
of miscible urate was 24 L. in the initial experi- 
ment and 29 L. in the subsequent study. This 
increase was not sufficient to account for the 
very large decline in the serum urate level. 
However, Yii and Gutman have recently shown 
that at low doses phenylbutazone is not uri- 
cosuric and may cause sufficient fluid retention 
to lead to a dilution of plasma urate [33]. 

In the second subject similar results were 
obtained. (Table v.) In this subject the miscible 
pool declined 310 mg. during a period in which 
an excess of 359 mg. of urate was excreted. Again 
there was no evidence for a significant effect of 
the drug upon the rate of urate synthesis and no 
evidence that extra-renal disposal of urate had 
been augmented. An increase in the volume of 
distribution of the miscible urate was again 
noted, and in this subject could be attributed to 
fluid retention. On the basis of these studies it 
can be stated that phenylbutazone in large doses 
acts at the renal level to augment urate excre- 
tion, and has no important effect on the rates of 
synthesis, degradation or extra-renal disposal of 
urate. The studies of Yi, Sirota and Gutman [34] 
clearly show that the renal effect is mediated at 
the tubular level. 

One other point deserves mention. When the 
serum urate level was maximally lowered in 
both subjects the urinary urate excretion re- 
turned toward or to the control levels. In 
reports from certain laboratories this phenom- 
enon has been interpreted as the development of 
resistance to the effect of the uricosuric agent. 
However, if one analyses these results in terms of 
urate clearance one can readily see that an 
excretion of 400 mg. per day with a serum level 
of 2 mg. per cent represents a considerably 
greater urate clearance than the same excretion 
with a serum level of 5 mg. per cent. Thus the 
effect of the drug has not worn off; the suppres- 
sion of tubular reabsorption of urate is still very 
much in evidence. 

There are situations, however, in which pa- 
tients respond poorly to these agents, as in 
patients with severe renal damage as a conse- 
quence of long-standing gout. We have studied a 
few such patients who respond poorly or scarcely 
at all to probenecid and have found, in agree- 
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ment with Yii and Gutman [35], that in the 
presence of severe renal damage salicylates are 
frequently the most effective uricosuric agent. 
For example, in one subject studied who basally 
excreted only 250 mg. of urate daily, the urate 
excretion was increased to 800 or 900 mg. per 
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Fic. 16. The effects of phenylbutazone on uric acid 
excretion. (From Wyngaarden| 28).) 


day by means of salicylates in 4 to 5 gm. daily 
dosage whereas after administration of 2.0 gm. 
of probenecid per day urate excretion was 
maximally 500 mg. daily. 

In collaboration with Dr. Seegmiller and Dr. 
Laster [36], we have recently conducted a series 
of urate clearance studies on two patients with 
gout and moderately severe renal involvement. 
In both subjects the inulin and urate clearances 
were reduced considerably below normal. The 
fraction of the filtered urate load that was re- 
absorbed by the tubules was, however, normal. 
(Table v1.) In both subjects the administration of 
4.8 gm. per day of sodium salicylate orally had a 
greater suppressive effect upon tubular reab- 
sorption of urate than did the administration of 
1.0 gm. of probenecid orally, although the 
response to probenecid, in terms of the increase 
of C urate/C inulin ratio, was within the usual 
range [22]. The addition of meticorten produced 
no change in the response to probenecid, nor did 
meticorten alone, in the dosage administered, 
have any significant effect upon any of the renal 
functions measured. These studies suggest that it 
is not a lack of responsiveness at the renal tubular 
level which limits the usefulness of probenecid in 
gouty patients with severe renal disease but 
rather that the reduction in glomerular filtra- 
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TABLE VI 
RENAL EFFECTS OF URICOSURIC AGENTS IN GOUTY PATIENTS WITH RENAL DAMAGE 


Patient* 


hee end Ben Drug Regimen 
B. T., 50, F | None x) 7T 
Sodium salicylate 29.2 
48 em./d X 6d 
Probenecid w 8 
1.0¢m./d 2d 
Probenecid 
lgm./d + | 
Meticorten 
30 meg./d 
Meticorten 29 2 
30 mg./d 2d 
None 32 9 
J. D., 52, M | None 56 6 
Sodium salicylate 44 5 
48 gm./d X 
Probenecid 57.5 
1.0¢m./d &d 
Probenecid 
1.0 ¢m./d +> | 


Meticorten | 
30 mg./d 7 d. 
Meticorten 59 6 
30 meg./d KX 3d 


Cran Curate C ——-300 ‘100 
IN PAH 
199 10 6 16.1 
143 11 89 40 6 7) 3 
113 S30 % 7 
13/7 4.17 14 3 Ik G 
146 4 in) 2? 5 
276 4 RO 4 205 
7§ 16 2 
257 0 30 
257 5 5 


* Patient B. T. was a fifty year old woman with chronic non-tophaceous gout of cight 
months’ duration; serum urate 10 mg. per 100 ml. Patient J. D. was a fifty-two vear old man with 
severe chronic tophaceous gout of twenty years duration; serum urate 12.2 mg. per cent. 

+ All values are averages of three or more clearance periods, ranging from twenty to ninety 
minutes. Urine was collected by spontancous voidings, with a water load of 240 ml. each half 


hour before and during the clearance period. 


tion rate so limits the presentation of urate to the 
tubules that only a modest uricosuric response is 
possible. These studies corroborate observations 
of others that salicylates in adequate doses are 
effective uricosuric agents, and suggest that these 
agents may be superior to probenecid in gouty 
patients with severe renal disease where a drug 
with greater intrinsic uricosuric effect than 
probenecid is needed in order to achieve a satis- 
factory augmentation of urate excretion. Meti- 
corten appears to have no significant renal effect 
on urate metabolism under the conditions of this 
study. 

Dr. SterreN: Thank you, Dr. Wyngaarden. 
We have here a disease in which there are two 
aspects, as Dr. Bunim has mentioned. There is an 
acute inflammatory disease of the joints. There is 
a disturbance in purine metabolism. One of the 
puzzling aspects to me about this disease is the 
fact that these two phases of the disease ap- 


parently are dissociable. Dr. Bunim has already 
menuoned that colchicine, which has a long and 
respectable history as the drug of choice in the 
treatment of the acute disease, has, so far as is 
known today, no effect upon any aspect of purine 
metabolism as vet elucidated. Similarly, the 
administration of uricosuric drugs has no thera- 
peutic effect upon the attacks of acute arthralgia. 
Indeed, in the case presented today one of the 
attacks of acute arthritis occurred during a suc- 
cessful regimen of uricosuria. This has been a 
general experience. 

In addition to the therapeutic dissociation of 
these two phases of the disease, the natural 
occurrence of the one without the other is note- 
worthy. As Dr. Bunim mentioned, frequents 
hyperuricemia is seen in the relatives of gouty 
patients without any clinical evidence of gouty 
arthritis. Conversely, cases have been reported 
of colchicine-responsive arthritis which clini- 
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cally resembles gout in the absence of any 
hyperuricemia. 

One wonders, indeed, whether or not these 
two aspects of the disease are causally related at 
all whether perhaps they may not be geneticalls 
related, 


SUMMARY 


The clinical aspects of gout and its manage- 
ment have been reviewed as they relate to a case 
of severe tophaceous gout in a young man 
twenty-two years of age. The early onset at age 
sixteen, the rapid development of tophi and 
ditheulty in obtaining adequate uricosuria were 
unusual aspects of this case. 

The histopathology of gout has been reviewed 
and evidence presented that complex matrix 
materials are associated with urate crvstals at 
some stages in the evolution of the tophus. 

A summary has been presented of our current 
knowledge of purine metabolism in the normal 
and gouty human as revealed by the use of uric 
acid N'* and the isotopically labeled purine 
precursors, glycine and 4-amino-5-im- 
idazole carboxamide-4-C** (AIC). 

The effect of phenylbutazone on urate metab- 
olism has been investigated with the aid of uric 
acid N'*. Evidence is presented to show that it 
increases urate excretion, thus decreasing the 
miscible urate pool without appreciably affecting 
the rate of urate synthesis, degradation or extra- 


renal disposal. 
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Isolated (‘Primary’) Chylopericardium’ 


Due to Anomalous Communications with the Thoracic Duct, of 
Unknown Causation 


Witttam M. Mapison, Jr., m.p.t and Bruce Locus, .p. 


Emory University, Georgia 


He effusion of chyle into the pericardial sac 
‘Tin association with massive chylothorax has 
been the subject of several case reports |/-3), 
but only one case of primary chylopericardium 
has been reported previously |4). In this case 
exploratory thoracotomy was performed and a 
superior mediastinal hygroma (lymphangiom- 
atous hamartoma) was discovered. An anatomic 
communication had been demonstrated by 
lipophilic dye studies preoperatively, but no 
direct communication linking the thoracic duct 
or the hygroma and the pericardial sac was 
identified at operation. A large portion of the 
cystic tumor was removed, followed by ligation 
of the thoracic duct low in the chest and the 
establishment of a pericardial window for drain- 
age into the right pleural space. There was no 
reaccumulation of the chylous effusion in either 
the pericardial or pleural space following 
operation 5). 

An opportunity to study this extremely rare 
condition was afforded by the discovery of a 
patient with a chylous pericardial effusion. Using 
the technic gained from the original case report, 
a plan of diagnosis and treatment was evolved. 
These experiences form the content of this 


report. 
CASE REPORT 


M. B. G., a forty year old married housewile, was 
first seen in the Emory University Clinic on June 15, 
1955. Seven years previously, in 1948, cardiomegaly 
had been noted on a routine tuberculosis survey film. 
Previous chest roentgenograms had not been taken. 
At this time she gave a seven-year history of mild exer- 


tional dyspnea which did not limit normal activity. All 
other cardiac symptoms were denied. For three years 
prior to 1955 she had noted several episodes of noc- 
turnal “smothering” relieved by sitting upright in bed. 
Wheezing respirations were denied. During the pre- 
vious month mild dependent edema was noticed in the 
latter part of the day. The weight had been stable for 
several years. 

The past history was not remarkable. She had un- 
dergone two normal pregnancies, but the first child 
died shortly after birth for an unknown reason. The 
family history was unrevealing. At the age of seventeen 
she had sustained contusions of the forehead and both 
thighs in an automobile accident. Chest injuries and 
falls were denied. 

Physical examination disclosed a plump white 
woman appearing quite healthy. The temperature 
was 98.6°r. The respirations were 14 per minute and 
normal in depth. The pulse was 72, strong and regular; 
the blood pressure was 130/70 mm. Hg. The cervical 
veins were flat and no unusual pulsations were noted 
in the neck. On cardiac examination the apical im- 
pulse was not palpable and cardiac dullness extended 
to the mid-axilla. The heart sounds were normal and 
no murmurs were heard. No enlargement of the liver 
or spleen was detected and neither ascites nor depend- 
ent edema was present. The remainder of the physical 
examination was normal. An _ electrocardiogram 
showed a normal mean QRS axis, sinus rhythm and 
low voltage. (Fig. 1.) Fluoroscopic examination 
revealed generalized enlargement of the cardiac 
silhouette and pulsations were of markedly diminished 
amplitude. No undue prominence of the hilar vessels 
was seen and a barium swallow was normal. Circula- 
tion time, arm to tongue (decholin®) was twelve 
seconds; the venous pressure was 11 mm. saline 
solution. 

Laboratory examination revealed a normal urinaly- 


* From the Emory University Hospital and the Department of Medicine, Emory University School of Medicine, 
Emory University, Georgia. 
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Fic. 2A. X-ray taken October 7,' 1952, revealing the 
enlarged cardiac silhouette. 


sis. [he hemoglobin was 14.6 gm. per 100 ml. and the 
sedimentation rate was 15 mm. per hour. The white 
blood cell count was 10,200 per cu. mm. with 78 per 
cent neutrophils, 18 per cent lymphocytes, 3 per cent 
monocytes and 1 per cent eosinophils. No. L.E. cells 
were seen on a peripheral blood preparation. The 
Kahn test was negative. Subsequent tuberculin, coc- 
cidioidin and histoplasmin skin tests were negative. A 
chest x-ray was reported as showing enlargement of 
the cardiac silhouette; the possibility of pericardial 
effusion was considered although myocardial dilata- 
tion could not be excluded. 

The patient was admitted to Emory University 
Hospital on June 28, 1955, for further studies. At this 
time previous chest x-rays were reviewed, all of which, 
including the tuberculosis survey film taken seven 
years previously, revealed generalized enlargement 
of the cardiac silhouette. (Fig. 2.) An angiocardiogram 
was attempted, but there was extravasation of the dye 


Fic. 2B. X-ray taken at initial examination in 1955. 
Note that the configuration is unchanged since the 
previous film in 1952. 


into the arm muscles. An abdominal film taken one- 
half hour after the unsuccessful injection showed good 
renal opacification with normal outlines of the pelves 
and ureters. She was discharged on June 30, 1955, on 
no medications. 

She was readmitted on August 16, 1955, and in the 
interim there had been no change in symptoms. 
Digitalis had been administered briefly without 
improvement. No change in the heart size was de- 
tected. Angiocardiography was successfully performed 
using 50 ml. of 70 per cent diodrast." No shunt or 
obstruction was seen. The distance from the edge of the 
opacified heart chamber to the edge of the cardiac 
border was 4 cm. on both sides, without enlargement 
of the chambers. (Fig. 3A.) The findings were thought 
to be indicative of pericardial effusion. 

Pericardial paracentesis via the subxiphoid ap- 
proach was performed on August 17, and 850 ml, of 
thin odorless milky fluid, which did not immediately 
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Fic. 3A. Angiocardiogram taken three seconds after in- 
jection. Note the distance between the dye column and 
the cardiac border. Later films showed a 4 cm. distance 
between the opacitied heart chamber and the edge of the 
heart shadow. 


clot, were obtained. Approximately 50 ml. of air were 
instilled into the pericardial space and subsequent 
x-rays of the pneumopericardium revealed the peri- 
cardium to be smooth and 3 mm. in thickness. (Fig. 
3B.) Although some fluid remained, the cardiac 
configuration appeared normal. The fluid contained 
rare red blood cells, 2,750 lymphocytes per cu. ml. 
The total protein was 5.4 gm. per 100 ml. and the 
cholesterol, 140 mg. per 100 ml. No cholesterol 
crystals were seen and no fat globules in a preparation 
stained with Sudan m. Routine cultures were nega- 
tive as were cultures and guinea pig studies for tuber- 
culosis. Papanicolaou stains for malignant cells were 
negative. The heart size diminished after the para- 
centesis and cardiac dullness extended only to the mid- 
clavicular line. A slight increase in voltage was seen on 
the electrocardiogram. A friction rub was heard over 
the precordium after the air instillation and the patient 
complained of slight substernal discomfort. She was 
discharged on August 19, aud all adventitious heart 
sounds had disappeared by the fourth day following 
paracentesis. 

The patient was next seen in the clinic on October 3, 
1955, with complaints of occasional sighing respira- 
tions, easy fatigue, and feelings of depression. No 
great change in symptoms had been noted following 
pericardial paracentesis. The blood pressure was 
150, 90 mm. Hg without “paradox.”’ General physical 
examination was unchanged and the weight remained 
stable. The cervical veins were flat and without un- 
usual pulsations. Cardiac dullness again extended to 
the mid-clavicular line. Fluoroscopic examination 
revealed reaccumulation of the fluid, Fut cardiac 
pulsations were good in spite of the effusion. A low 
grade tuberculous infection was thought to be the 
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Fic. 3B. X-ray taken immediately after aspiration of 
850 ml. of milky fluid and production of pneumoperi- 
cardium with 50 ml. of air. The pericardium is smooth 
and measures 3 mm. in thickness. The heart shadow 
appears to be of normal size although there is some fluid 
remaining. | 


underlying process and a therapeutic trial of strepto- 
mycin, 1.0 gm. intramuscularly every third day, and 
isoniazid, 300 mg. by mouth daily, was instituted. 

On October 26, 1955, she was readmitted with a 
two-day history of chills, fever and malaise. The vital 
signs were normal and there was no evidence of cardiac 
tamponade in spite of evidence of continued peri- 
cardial effusion and a “‘parodoxic”’ pulse difference of 
15 mm. Hg. On October 27, pericardial paracentesis 
was again performed with the removal of 530 ml. of 
milky fluid, believed to be chylous. The fat content 
was ().6 gm. per 100 ml.; the cholesterol, 115 mg. per 
100 ml.; the phospholipid, 11.5 mg. per 100 ml. and 
the fatty acid, 89 mEq. per L. The specific gravity was 
1.014 and the pH 7.0. The evening after aspiration 
the temperature rose to 103°r. but subsided without 
therapy. Blood cultures were negative. The patient 
was thought to have drug fever and all medications 
were stopped. She was discharged afebrile on October 
29, 1955. 

When seen on December 14, 1955, she had no com- 
plaints other than mild exertional dyspnea and oc- 
casional substernal aching. 

On February 9, 1956, the patient was readmitted 
with complaints of heaviness in the chest and slight 
exertional dyspnea, but orthopnea and dependent 
edema were denied. The substernal heaviness was 
greatest in the supine position. Physical examination 
revealed the blood pressure to be 140/90 mm. Hg 
with a paradoxic pulse difference of 12 mm. Hg. The 
pulse was 92 and regular. Other vital signs were nor- 
mal. No abnormal pulsations were seen in the cervical 
veins, There was no change in the heart size. Since 
fluid from previous aspirations was thought to be 
chyle, an attempt was made to show the presence of a 
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Fic. 4. X-ray taken two months after operation. Note 
the normal size of the cardiac silhouette. 


communication with the thoracic duct. Pericardial 
paracentesis was performed with the removal of 
250 ml. of milky fluid and immediately thereafter she 
was given 50 mg. of Sudan m1 in 20 ml. of warm olive 
oil by mouth. Twelve hours later a second pericardial 
paracentesis was performed and 465 ml. of milky fluid 
withdrawn. This fluid was extracted with an equal 
volume of ether and evaporated to dryness. The oily 
residue was orange in color, and on microscopic 
examination Sudan m-stained fat globules were seen. A 
control specimen subjected to the same procedure gave 
a light yellow residue. It was concluded that there was 
a communication between the thoracic duct and the 
pericardial cavity. Surgical exploration was advised. 

On April 10, 1956, the patient was admitted to 
Emory University Hospital for surgery. Symptoms 
were unchanged. Her nutritional status was good, and 
no weight change had been noted. The blood pressure 
was 124/86 mm. Hg with an equivocal paradoxic 
difference. Slight cervical venous pulsations were seen 
in a 60 degree upright position. The apical impulse 
was not palpable and cardiac dullness extended to the 
mid-axillary line. The remainder of the physical 
examination was normal. Chest x-ray showed a globu- 
lar cardiac configuration compatible with pericardial 
effusion, unchanged since June 16, 1955. Routine 
laboratory studies were within the normal range, 
although the sedimentation rate was 32 mm. per hour. 
The venous pressure was 80 mm. saline solution and 
the circulation time, arm to tongue (decholin), was 
eleven seconds. The preoperative electrocardiogram 
was unchanged. 
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On April 13, 1956, one hour after a fatty meal, 
operation was performed by Drs. William Van Fleit 
and Osler Abbott. The chest was entered through the 
bed of the right seventh rib, and upon opening the 
pleura no fluid was seen, although the pericardium 
was filled with whitish fluid under a pressure of 5 mm. 
Hg. The thoracic duct was identified but attempts to 
cannulate it were unsuccessful. The pericardial sac 
was then opened and several hundred milliliters of 
chylous fluid were aspirated. (Similar fluid was seen 
extending from the thoracic duct). The posterior peri- 
cardium was carefully examined but no communica- 
tion was apparent. The parietal pericardium was 
thin and pliable; the visceral pericardium was whitish 
and slightly thickened, but in no way constricting. 
Exploration of the superior mediastium disclosed no 
tumor mass. Further dissection in the posterior 
mediastinum about the thoracic duct revealed large 
lymphatic channels coursing across the anterior sur- 
face of the vertebral column to the left side. By enter- 
ing the left chest through the posterior mediastinum a 
large lymphatic channel was identified. There was no 
apparent communication with the pericardium, The 
large channel on the left, all collaterals and the 
thoracic duct were ligated and excised. A 4 cm. by 
4 cm. window of pericardium was removed from the 
right anterolateral region of the pericardium and the 
area was left wide open for drainage into the right 
pleural space. Thoracotomy tubes were placed in the 
right chest and the wound closed. During the opera- 
tion 1,400 ml. of whole blood were administered. The 
patient tolerated the procedure well. 

The postoperative course was relatively uneventful. 
Portable chest x-ray on the second postoperative day 
revealed small pleural effusions bilaterally, but there 
was a definite decrease in the heart size. Repeat films 
on the ninth and fifteenth postoperative days showed 
continued minimal bilateral pleural effusions. Post- 
operative electrocardiograms showed a slight increase 
in the voltage and a slight shift in the mean electrical 
axis. The patient was discharged on the sixteenth 
postoperative day. 

Microscopic examination of the pericardial sections 
revealed slight thickening of the pericardial tissue and 
a diffuse infiltration of polymorphonuclear cells in the 
dense fibrous tissue of the pericardium, There were 
no cholesterol deposits or foreign body giant cells. 
Sections of the thoracic duct showed some thickening 
and hyalinization of the wall, but no other significant 
findings. 

Since the operation the patient has noted no aware- 
ness of substernal heaviness in the supine position and 
exercise tolerance has increased. The cardiac sil- 
houette has returned to normal size and there has 
been no reaccumulation of the pericardial or pleural 
effusion (Fig. 4). Electrocardiograms continue to show 
a slight increase in voltage (Fig. 5) compared to 
preoperative tracings. 
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Fic. 5. Postoperative electrocardiogram showing increase in voltage. (1 cm. = 1 mv.). 


COMMENTS 


The subject of non-traumatic chylothorax and 
chylopericardium has been presented previously 
by Yater |/|]. The most common etiology is 
primary or metastatic malignant disease result- 
ing in obstruction to the duct and. or its radicles 
by implants within the lumen, or by pressure on 
the duct from without. There are included 
retroperitoneal and posterior mediastinal lym- 
phoblastomas and abdominal carcinomas. Tu- 
berculosis causing obstruction of the thoracic 
duct is next in importance and appears to be 
most common in children in whom pressure 
by lymph nodes or intrinsic obstruction is the 
basis for leakage. Other causes listed by Yater 
include lymphangiectasis, localized thrombosis 
of the subclavian vein in the region of the junc- 
tion with the thoracic duct, filarial obstruction, 
thrombosis of the superior vena caval system, 
polyserositis, aneurysmal erosion and cirrhosis. 
The etiology in the only previously reported 
case of isolated or primary chylopericardium was 
a lymphangioma | 4}, and in the present case, un- 
known. Rupture of the thoracic duct and subse- 
quent chylothorax has been reported following 
hyperextension of the spine [6], but it is hardly 
plausible that chylopericardium resulting from 
trauma twenty-three years previously could 
have produced such a paucity of symptoms. 
Thus the etiology of the chylous effusion re- 
mains undetermined. In spite of the enlarged 
cardiac silhouette presumably due to the chylous 
effusion present for at least eight years, the pa- 
tient experienced only minimal symptoms. 
Except for pulsating neck veins on one occasion 
and at other times a slight increase in paradoxic 
pulse, no signs of cardiac tamponade were 
demonstrated. This problem has been discussed 
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recently by Williams and Soutter | 7) who stressed 
the importance of two physical signs, pulsus 
paradoxus and pulsating neck veins in the 
upright position. 

Effusion of chyle results in symptoms of two 
general types: those due to pressure and those 
due to loss of chyle. These symptoms are promi- 
nent in chylothorax and can be noted in chylo- 
pericardium if frequent aspirations are necessary 
to relieve symptoms of cardiac tamponade. In 
the present case, symptoms were minimal, sug- 
gesting that the leakage was small, incomplete, 
or present over a long period of time with 
resultant distension of the pericardium due to 
the constant pressure. There was no external loss 
of chyle and therefore absence of weight loss and 
signs of malnutrition. 

The appearance of a milky effusion containing 
fat should be considered presumptive evidence 
of its chylous nature. In both the case of Groves 
and Effler [4] and in the present one, this fact was 
not appreciated at the initial aspiration. [he 
nature of chyle with its fat content makes the use 
of Sudan m1 of particular diagnostic importance. 
Sudan wi does not stain neutral fat globules, 
which often constitute from 70 to 87 per cent of 
the total lipids of the chyle of experimental 
animals |8]. The method of oral administration 
of Sudan m1 in olive oil and subsequent extrac- 
tion of chyle to demonstrate a communication 
between the pericardial sac and the thoracic 
duct was successful, but no communication 
could be demonstrated by inspection at opera- 
tion. Unfortunately, the attempt to cannulate 
the thoracic duct and injection with an indicator 
to delineate the connection was unsuccessful 
also. Such a technic may be of aid in future 
cases. Klepser has advocated the administration 
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of olive oil and a lipophilic dye by duodenal 
tube several hours preceding operation to pro- 
duce staining of the thoracic lymphatics [9]. 

Since chyle is bactericidal, it can be assumed 
that infections of chylous effusions will occur 
rarely and that the chance infection of the peri- 
cardial contents from aspiration or surgical 
procedures is highly improbable. 

The relationship between cholesterol peri- 
carditis and chylopericardium, if any, is unclear 
at the present time since only a few cases of each 
entity have been reported. The effusions in the 
former have been variously described as ‘golden 
vellow” |//|, “holding in suspension an opales- 
cent yellow material’ [72] and “deep vel- 
low” |/3|. Characteristically, the fluid contains 
less cholesterol than the serum. No fat studies 
have been performed, although one fluid is 
reported as containing “occasional phagocytic 
cells filled with fat globules” [72]. Pericardial 
effusions containing quantities of cholesterol 
have been reported in myxedema, the levels 
ranging from 76 mg. per cent |/4| to higher than 
the serum cholesterol |/75|]. Removal of opales- 
cent or milky fluid from the pericardial sac 
should be followed by fat studies, including the 
administration of lipophilic dyes if indicated. 

Ligation of the thoracic duct in the lower chest 
has been used in the treatment of chylothorax 
since Lampson, in 1948, first reported a success- 
ful case |/0|. This method was used in the previ- 
ously reported case of chylopericardium |/, 
together with removal of the lymphangioma and 
the creation of a pericardial window. Ligation of 
both: thoracic lymphatic channels and the estab- 
lishment of a pericardial window were used in 
the present case. An alternate method of treat- 
ment of chronic pericardial effusions consisting 
of the formation of a pericardial window and 
drainage into a pleural space or externally has 
been advocated |5,7|. This method may be of 
some value but the ultimate therapy appears to 
be combination of pericardial window formation 
and ligation of the thoracic duct low in the chest. 


SUMMARY 


The second case of a rare entity, isolated or 
primary chylopericardium, is reported. By the 
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use of lipophilic dyes an anatomic communica- 
tion between the thoracic duct and the peri- 
cardial cavity was demonstrated but at operation 
no direct communication was identified. The - 
etiology of the chylous pericardial effusion in 
this case is unknown. 

Ligation and excision of both major lymphatic 
channels and all collaterals low in the thorax to- 
gether with the establishment of a pericardial 
window for drainage resulted in an apparent 
cure. 
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Progesterone-Induced Porphyria’ 


Case Report 


EpirHe J. Levit, M.p., JoHN H. Nopine, and WittiAM H. PEeRLorr, 
Philadelphia, Pennsylvania 


ATSON defines porphyria as a constitu- 
W iicnat fault or inborn error in porphyrin 
metabolism.' The acute type occurs intermit- 
tently, with an incidence two to three times 
greater in women than in men. The disorder 
first becomes manifest during the second to fifth 
decades. It is characterized by the intermittent 
urinary excretion of large quantities of uropor- 
phyrin and coproporphyrin with a resultant 
dark brown or Port wine color, acute colicky 
lower abdominal pain and various neurologic 
manifestations.* The initial attack may be noted 
either at the menarche or with a subsequent 
menstrual period.* It may also be associated 
with amenorrhea or menstrual irregulari- 
ties,” and a tendency towards exacerbation 
at the time of the period has been reported 
repeatedly.®'* '® Severe porphyria following 
hysterectomy and bilateral salpingo-oophorect- 
omy has been observed. '‘~*" One report notes the 
occurrence of this metabolic disorder following 
deep x-ray therapy to the ovaries. 

The relationship of this interesting disease 
entity to pregnancy is somewhat uncertain. 
Whereas some investigators have observed the 
first attack following delivery,** others have 
reported it during and still 
others believe its course to be uninfluenced by 
pregnancy in any way.” ** 

It would appear likely from the foregoing 
that an endocrine factor is involved either as a 
causal or precipitating agent of acute porphyria 
in certain cases encountered in women. In view 
of this possible relationship, the following case 
report of a young woman with acute intermittent 
porphyria may be of interest. She was studied by 
the Endocrine Department at The Philadelphia 
General Hospital over a four-year period, with 
particular reference to her menstrual function. 


CASE REPORT 


P. D., a twenty-seven year old Negro woman, was 
seen in the Endocrine Clinic in August, 1952. She had 
been in good health until the age of twenty-three, 
when her menses first became irregular, occurring 
every two to three months. During the summer of 1951 
she had an attack of what was later diagnosed as acute 
porphyria and was admitied to another hospital for 
treatment. She was readmitted to that hospital several 
months later with a similar episode, and then re- 
mained fairly well unul July, 1952, when she suffered 
a third attack which lasted one week. This was fol- 
lowed by a menstrual period. Physical examination, 
including pelvic, was unrevealing. Except for serum 
serologic examinations positive for syphilis, Watson- 
Schwartz tests positive for porphobilinogen, all labo- 
ratory examinations including basal metabolic rate, 
cholesterol, twenty-four-hour thyroid I-131 uptake. 
urinary estrogens, gonadotropins, | 7-ketosteroids and 
corticoids were negative. Her last menstrual period 
had occurred six weeks prior to this visit and two 
50 mg. injections of progesterone (proluton®) were 
given intramuscularly forty-eight hours apart. A 
menstrual period ensued four days later, associated 
with an episode similar to the three preceding ones. 

During the next two years (October, 1952 to Octo- 
ber, 1954) the patient had a total of eight attacks, three 
of which followed progesterone-induced menstrual 
flow, four of which preceded spontaneous menstrual! 
periods (which were ovulatory as evidenced by basal 
body temperature changes) and only one of which 
occurred during a period of amenorrhea. She had 
three spontaneous anovulatory periods during this 
time with no accompanying porphyria. On one addi- 
tional occasion progesterone was given causing a 
menstrual period but without an attack of porphyria. 
1 cc. doses of 1:2000 prostigmin® given on three suc- 
cessive days produced neither a menstrual flow nor 
an attack of porphyria. 

In an effort to suppress ovulation and endogenous 
progesterone production and precipitate estrogen 
withdrawal bleeding, the patient was given piperazine 


* From the Endocrine Clinics, Philadelphia General Hospital, Philadelphia, Pennsylvania. 


MAY, 1957 


S31 


832 Progesterone-I[nduced Porphyria— Levil et al. 


estrone sulfate, 9 mg. daily for four weeks, following 
which an anovulatory period without complication 
was noted. Several weeks later, however, she began to 
spot spontaneously and an acute attack of porphyria 
requiring hospitalization followed. She was treated 
with ACTH during the acute stage, with marked relief 
of pain, and was maintained on cortisone for an addi- 
tional two weeks during which she had a normal 
spontaneous uncomplicated period. 

Following this hospitalization she had two spon- 
taneous periods, both of which were pain-free and 
anovulatory. Preceding a subsequent menstrual 
period accompanied by a severe attack of porphyria, 
an endometrial biopsy specimen revealed a secretory 
endometrium. 

For the next six months the patient was given 2 cc. 
injections of a long acting estrogen (delestrogen®) at 
monthly intervals, and responded with withdrawal 
bleeding to each one. Dark urine accompanied only 
one bleeding episode but no pain was noted during 
this period. 


COMMENTS 


Of particular interest in this case is the fre- 
quency with which an attack of acute porphyria 
could be precipitated with either endogenously 
produced or exogenously administered prog- 
esterone.”" In the first three years of this study 
twelve attacks were associated with one or the 
other of these factors, whereas spontaneous 
menstrual periods which were anovulatory and 
in which progesterone was not produced were 
unaccompanied by porphyric episodes. Sim- 
ilarly, bleeding episodes following exogenous 
estrogen administration to inhibit ovulation 
were not complicated by attacks of porphyria. 
Meyer,*® in 1954, reported the occurrence of an 
acute attack of porphyria following the injection 
of 25 mg. of progesterone. Stephenson,*' in 
1952 noted a corpus luteum cyst of the ovary 
on exploratory laparotomy in a patient with an 
attack of acute porphyria. 

Prostigmin, which was given in this case in an 
attempt to induce a menstrual period, has been 
used in the treatment of acute porphyria with 
some success. The administration of ACTH 
and cortisone resulted in dramatic improvement. 
Reports in the literature, however, are at vari- 
ance, some cases showing improvement,‘:*?!:*" 
others showing little or no response.’:*:'*:*4 


SUMMARY 


A young woman with acute intermittent por- 
phyria was followed over a four-year period 
with particular reference to her menstrual func- 
tion. Studies indicate that progesterone, cither 


endogenous or exogenous, induced attacks of 
acute porphyria in this patient. 
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Chronic Disseminated Histiocytosis X 
(‘Schiller-Christian Disease) with 
Pulmonary Involvement and Impairment 
of Alveolar-Capillary Diffusion’ 


Arruio Renzerri. Jr... M.p., GERARD EASTMAN, M.D. and 
J. HowLanp AUCHINCLOss, JR., M.D. 


Syracuse, New York 


AFFE and Lichtenstein /| believe that the 

clinical conditions designated eosinophilic 
granuloma of bone, Letterer-Siwe disease and 
Schiiller-Christian disease are ditlerent expres- 
distinctive histiocytosis 
etiology, and 


sions of the same 
(granulomatosis) of unknown 
Lichtenstein |2| has suggested that the name 
**Histiocytosis X°* be used for all of them. Ac- 
cording to this concept, the clinical differences 
among these three syndromes result from diftler- 
ences in the localization, number and extent of 
the individual lesions and from their differing 
rates of progression. Thus eosinophilic granu- 
loma of bone represents a localized form of 
histiocytosis X\. Although more than one bony 
lesion may be present, the response to curette- 
ment or X-ray therapy is good and the prognosis 
is generally excellent. However, visceral involve- 
ment by the same pathologic process may develop 
later than the bone disease and thereby indicate 
the disseminated form of the illness |2]. In its 
disseminated form histiocytosis \ may be acute 
(Letterer-Siwe disease) or chronic (Schiiller- 
Christian). The acute disease occurs almost ex- 
clusively in infancy and early childhood and is 
characterized by hepatosplenomegaly, general- 
ized lymphadenopathy, anemia, fever and usu- 
ally a rapidly fatal course. The chronic disease 
occurs in children and young adults and in its 
classic form presents the triad of bone defects, 
exophthalmos and diabetes insipidus. However, 
the clinical picture is frequently not classic but 
dominated by involvement of other areas of the 


body so that the patient may present with swell- 
ing of the gums, cvyst-like swelling of the scalp, 
xanthoma disseminata or other cutaneous 
manifestations, or respiratory insuthciency. The 
course and prognosis in each case is largely 
determined by the extent of infiltration of such 
organs as the lungs, pituitary gland or bone 
marrow. 

Rowland & in 1928 described a case of 
Schiller-Christian in which diffuse 
bilateral pulmonary infiltration was observed by 
x-ray and extensive pulmonary fibrosis was 
present at autopsy. In reviewing the literature up 
to that me he found three other instances of well 
documented lung involvement. Such involve- 
ment has since been described many times and in 
some instances, especially in the English litera- 
ture, the term “honevcomb lunes” has been 
applied to it (9). 

There have been numerous reports of gen- 
eralized pulmonary infiltration by x-ray in pa- 
tients with the skeletal lesions of eosinophilic 
granuloma. Recently biopsy of the lung in some 
of these patients |3,/) has revealed the same 
histologic lesion as that of the bone. According 
to Lichtenstein |2), these are also cases of 
Schiiller-Christian disease or, as he would prefer 
to call them, histiocytosis X.. In addition, there is 
now evidence that histiocytosis may be present in 
the lung in the absence of skeletal defects [5,6) 
and that pulmonary involvement may precede 
the appearance of bony lesions by as long as 
four years [7]. 

Two patients with eosinophilic granuloma of 


disease 


" From the Chest Disease Division and Cardio-Pulmonary Laboratory of the Veterans Administration Hospital, 
and the Department of Medicine, State University of New York, College of Medicine, Syracuse, New York. This study 
was supported in part by a research grant (MR-7a-37) from the American Trudeau Society. 
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Fic. 1. Posteroanterior film of the chest taken in January, 
1943. 


bone and pulmonary inhitration which was 
demonstrated histologically to be g¢ranulom- 
atous, have had pulmonary function studies. In 
one of these patients, Mazzitello |6) noted that 
except for a moderate increase in residual lung 
volume, the other lune volumes, as well as the 
maximum ventilatory capacity and arterial 
oxygen saturation at rest, were normal. No data 
are presented in the report of Childers et al. | 3), 
but the authors state that hyperventilation and a 
decrease in the maximum ventilatory capacity 
were present. 

The purpose of this paper is to report the case 
of a patient with chronic disseminated histio- 
cytosis X whose pulmonary involvement was 
documented by x-ray from its onset and in 
whom studies of pulmonary function were 
carried out before and during therapy with 
adrenocortical steroids. 


CASE REPORT 


A thirty-two year old white man was admitted to 
the Syracuse Veterans Administration Hospital on 
October 22, 1955, complaining of shortness of breath 
for about one year. In January, 1943, upon entering 
military service, his chest x-ray was normal (Fig. 1) 
but in 1946, upon discharge from the service, his chest 
film (Fig. 2) showed a diffuse bilateral, finely nodular 
and linear infiltration with some coalescence in the 


way, 1957 


Fic. 2. Posteroanterior film of the chest taken in 1946. 


upper lung fields. During a work-up in a tuberculosis 
sanatorium for this abnormality a barium study of the 
small intestine was performed. One of these x-rays 
(Fig. 3) showed an osteolytic lesion of the right ilium. 
This bony defect was not detected at that time and 
no diagnosis was made. However, about six months 
later, in early 1947, polydipsia and polyuria developed 
and the patient was admutted to the Syracuse Univer- 
sity Hospital. There, in addition to the abnormalities 
of the lung and ilium revealed on x-ray, a bony defect 
was found in the left femur and a biopsy specimen of a 
right supraclavicular lymph node was interpreted as 
showing a non-lipid histiocytosis. His symptoms were 
attributed to diabetes insipidus and were well con- 
trolled by injections of pitressin.” Following discharge 
from the hospital he remained well. In 1948, a chest 
x-ray (Fig. 4) showed no significant change in his pul- 
monary disease but osteolytic lesions were then 
present in the skull (Fig. 5) and right humerus. 

About one year before admission in October the 
patient noted shortness of breath upon exertion which 
became so severe as to require hospitalization at 
another hospital cight days before this admission. 
There he was observed to be cyanotic, without obtain- 
able blood pressure or peripheral pulse and with a 
cardiac rate of 144 per minute. Following digitaliza- 
tion and diuresis he was transferred to the Syracuse 
Veterans Administration Hospital. 

On physical examination he was tachypneic and 
moderately cyanotic. The temperature was 99.6°r., 
pulse 170, and blood pressure 82/60. Fine rales were 
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Fic. 3. Gastrointestinal x-ray taken in 1945. Note osteolvtic lesions of ilium in left lower 


section of photograph. 


Fic. 4. Posteroanterior film of the chest taken in 1948, 


present over the entire right lung posteriorly, at the 
left base posteriorly and the left upper anteriorly. A 
gallop rhythm was present over the right fourth inter- 
costal space parasternally. The liver was palpable 
about five cm. below the right costal margin, and 
moderate clubbing of the fingers and toes was present. 

Laboratory examination on admission revealed a 
hematocrit of 45 per cent, white blood cell count of 
8,800 per cu. mm. with 75 per cent polymorphonu- 


clear leukocytes, 17 per cent lymphocytes, > per cent 
monocytes and | per cent eosinophils. Urinalysis was 
normal except for 1+ albumin. The serum non- 
protein nitrogen was 33 mg. per cent, CO» combining 
power 40 volumes per cent, sodium 137 mEq. L., 
potassium 5.2 mEq.L., chloride 92 mEq. L 
thymol turbidity 2.6 units, alkaline phosphatase 3.0) 
Bodansky units. Electrocardiogram showed auricular 
tachyveardia with the Wenckebach phenomenon 
X-ray of the chest (Fig. 6) showed that the pulmonar, 
infiltrations were more extensive and coalescent. 
After treatment with oxygen and omission of 
digitalis there was a decrease in the cyanosis, tachy- 
pnea and tachycardia to such a degree that pulmonary 
function studies (Fig. 7) could be done on the fifth 
and sixth days after admission. Pitressin therapy was 
continued throughout hospitalization. On the seventh 
day, prednisone, 60 mg. per day, was started and 
within seventy-two hours rales could no longer be 
heard and oxygen was discontinued. Improvement 
was such that after a week of therapy the patient 
insisted that he be allowed to spend two days at home. 
After eight days of steroid therapy, moon facies had 
developed and prednisone dosage was reduced to 
40 mg. per day. The occurrence of abdominal pain 
suggestive of peptic ulcer prompted further reduction 
in steroid dosage in step-wise fashion so that by the 
seventeenth day of therapy he was receiving 10 mg. 
prednisone per day. Pulmonary function studies were 
repeated on the seventeenth day of therapy. (Fig. 7.) 
Dyspnea recurred approximately ten days later and 
the patient required the administration of oxygen, 
digitalis, ACTH 40 units intramuscularly, and an 


AMERICAN JOURNAL OF MEDICINE 


hae 
wth 
re 
aA 
ai 
og 
i* 
be 
f a. 3 


Histiocytosis of the Lung—Renzett: et al. 837 


increase in prednisone dosage to 15 mg. per day there- 
after. His condition seemed to improve for about five 
days but then chills, fever, rales over the right upper 
lung field anteriorly, increase in dyspnea, cyanosis 
and dependent edema developed. Following the 
administration of penicillin and streptomycin, there 
was an improvement in his condition again and he 
remained well until the forty-seventh hospital day 
when his temperature rose to 104°r. The patient be- 
came confused, and was found to have auricular 
tachycardia with varving degrees of block. 
Shock developed and he died. A chest x-ray revealed 
no significant changes had taken place. 

On autopsy the principal abnormal findings were 
in the respiratory, cardiovascular and hematopoietic 
systems. There were bilateral pleural fibrous adhe- 
sions and the lungs showed marked diffuse interstitial 
fibrosis and focal chronic interstitial pneumonitis. 
No etiologically specific changes were found for 
these findings. In addition there were multiple recent 
and organizing pulmonary emboli and hemorrhagic 
infarcts. The heart showed marked dilatation of the 
right ventricle and evidence of healed non-deforming 
mitral valvulitis and aortic valvulitis with early aortic 
stenosis. The valvular changes were thought by the 
pathologist to be on a rheumatic basis. In the vertebral 
bone marrow there was focal histiocytosis (Fig. 8) 
which was consistent with disseminated chronic 
histiocytosis. Concurrence in these pathologic diag- 
noses was obtained from the Armed Forces Institute 
of Pathology. Unfortunately, permission for examina- 
tion of the head could not be obtained. 
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Fic. 6. Posteroanterior film of the chest taken in October, 
1955. 
METHODS 


Measurements of lung volume, maximum ventila- 
tory capacity, index of intrapulmonary mixing and 


Fic. 5. X-ray of skull taken in 1948. 
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After 17 
Normal lst Study | days of 
Prednisene 
10/27-28 \11/14-1¢ 


Lung Volumes 


Supine 


(Litres BTPS) 


RV/TC X 100 

Max. Vent. Cap. (L/min.) 
Alv. N, after 7 min. 0, 
Ventilation (L/min.) 


Uptake (cc/min.) 280 
Art. Pcos (mm. Hg ) 4é 
Art. CO, Cont. (Vols. %) 65 
Art. pH 7.49 
Art. O, Sat. % 41 
X 100 72 
Qva/Qr X 100 6% or less 34 
(cc/min./mm. Hg ) 15 4 
Dieg (cc/min./mm. Hg ) 10-20 3 
Pao, (mm- Ho ) 10 


= totel lung capac .ty 
inspiretory capacity 
expiratory reserve voluse 
vitel capecity 

-C. = functional residuel capacity 


space to tidal volwee where bota are 
corrected for apparatus dead space 

Qva/Qr = ratio of physiological venous 
@dmixtire to total pulgwonary biood 
flow 

Dio, = Jiffusing cepecity of lung for 
oxygen 

Dino = Jiffusing cepecity of lung for 
cerbon sonoaidée 


29 Pao» - Co, * oxygen tension difference 
bi between ealveoler eir and pulsonary 
7-51 cepillery blood 

72 PEo, Pao, = oxygen tension difference 
64 between pulg@onary capillery blood and 
22 erteriel blood 


Arteriel blood end blood-ges tension 
“ values are those obteined during studies 
in which patient was breathing eir et 
emsbient oxygen tensions 


Fic. 7. Results of pulmonary function studies before and after treatment with prednisone. Body surface area = 


= 1./0 


square meters. Arterial blood and blood-gas tension values are those obtained during studies in which the patient was 


breathing air at ambient oxygen tensions. 


arterial oxygen saturation were made according to the 
methods described by Baldwin, Cournand and Rich- 
ards [70). The partial pressures of oxygen and carbon 
dioxide in arterial blood were obtained by the direct 
technic of Riley, Proemmel, and Franke [77]. Analysis 
of the ventilation-perfusion relationship and the diffu- 
sion characteristics of the lung at rest was made 
according to the methods described by Riley, Donald 
and Cournand [72]. In addition, the diffusing capacity 
of the lung for carbon monoxide was measured accord- 
ing to the method described by Filley [73], em- 


ploying an infrared carbon monoxide analyzer. 


RESULTS 


The physiologic findings (Fig. 7) in this 
case are similar to those described by Austrian 
and his co-workers {/4) in a group of patients 
with various granulomatous and fibrotic pul- 
monary diseases of both known and uncertain 
etiologies and by McClement and his asso- 
ciates [75] in patients who were in the acute 
phase of hematogenous pulmonary tuberculosis. 
The term ‘“alveolar-capillary block’? has been 


used to indicate the principal physiologic detect 
in these patients, namely, a reduction in the 
oxygen diffusing capacity of the lung. Although 
the maximum ventilatory capacity and arterial 
oxygen saturation at rest are usually normal or 
nearly normal in these patients, they may be con- 
siderably reduced in such an advanced stage of 
diffusional impairment as was manifested by the 
patient reported here. Further evidence of the 
severity of the physiologic disturbance in this 
patient is shown by the marked reduction of the 
diffusing capacity of the lung for oxygen and 
carbon monoxide and the extreme degree of 
hyperventilation. The increase in dead space- 
like ventilation and venous admixture-like 
perfusion must be at least in part an additional 
reflection of the severity of the barrier to diffusion 
since Donald and his associates | /6| have pointed 
out that the diffusional block may be so great 
in some areas of the lung that carbon dioxide 
fails to diffuse completely. In such cases, the 
arbitrary division between distribution and dif- 
fusion abnormalities, on the basis of the absence 
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appearance of cytoplasm are histiocytes. 


of a significant alveolar-capillary carbon dioxide 
gradient, is probably not valid. 

Following treatment with prednisone, there 
was an improvement in lung volume, maximum 
ventilatory capacity and arterial blood gas con- 
tent. (Fig. 7.) Since the diffusing capacity of the 
lung for oxygen and carbon monoxide was un- 
changed by treatment, the improvement in gas 
exchange must be attributed to the improve- 
ment of alveolar ventilation-perfusion relation- 
ships reflected in the reduction of the percentages 
of dead space and venous admixture. A similar 
response to steroid therapy has been noted pre- 
viously |/7] in patients with granulomatous lung 
disease and alveolar-capillary block. In view of 
the pathologic findings of focal interstitial 
pneumonitis in the patient reported here, it 
seems reasonable to assume that some resolution 
of an exudative or granulomatous process oc- 
curred during the course of prednisone therapy 
and thereby accounted for a better correlation 
between alveolar ventilation and capillary blood 
flow. 

COMMENTS 


The findings in this patient indicate that 
disseminated histiocytosis X should be con- 
sidered among the diagnostic possibilities in 
cases of diffuse pulmonary disease of unknown 
etiology and, in addition to the usual studies, 
scalenus node biopsy and an x-ray survey of the 
entire skeleton should be done in such cases. 
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Fic. 8. Section of vertebral bone marrow obtained at autopsy. Large cells with foamy 
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The need for early recognition and therapy of 
this disease is emphasized by the course of this 
man’s illness. Since pitressin adequately con- 
trolled the symptoms resulting from pituitary 
involvement, it is possible that therapy directed 
at the granulomatous process may have avoided 
or delayed the fatal result of his pulmonary 
involvement. The pulmonary lesions reported as 
eosinophilic granuloma have been observed to 
clear spontaneously [78] or after treatment with 
radiation [3] or ACTH or cortisone [6,78]. How- 
ever, the lung infiltration has also been noted to 
remain and progress despite the use of radia- 
tion [4] or steroid therapy [7]. It is of interest that 
when such lesions have been demonstrated by 
lung biopsy to be granulomatous rather than 


fibrotic, they have responded to either form of 


therapy [3,6,78|. In addition, the patient pre- 
sented by Childers et al. demonstrated a return 
of pulmonary function to normal one year after 
radiation therapy had been administered. These 
findings suggest that in a manner similar to that 
observed in Boeck’s sarcoid [79], both the 
physiologic defect and the parenchymal infiltra- 
tion may be reversible when the pathologic 
process is cellular. Since severe pulmonary 
functional impairment leading to death may 
result when fibrosis occurs, it would seem advisa- 
ble to treat the pulmonary lesions of this disease 
when such lesions progress or show no tendency 
to regress during observation. 
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CONCLUSIONS 


The pulmonary involvement by chronic dis- 
seminated histiocytosis X may result in extensive 
interstitial fibrosis of the lung and thereby give 
rise to the physiologic defect of alveolar-capillary 
block. Since death in this disease is frequently 
due to its effects on the lung, an effort should be 
made to determine the need for treatment with 
steroids or radiation in the earlier cellular phase 
of the process. Since early recognition of this 
disease may have important therapeutic implica- 
tions, it is suggested that an x-ray survey of the 
entire skeleton be made in all young adults and 
children who have diffuse bilateral pulmonary 
disease of unknown etiology. 
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Among the many clinical indications for 
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scopic Studies. Report of 60 cases, Am. J. M. Sc. 232:156 
(Aug.) 1956. 
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in urinary tract 
infections of pregnancy 
delay is dangerous... 


“Approximately one-half of the patients have 
some permanent damage to the urinary tract. 
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AVERAGE FURADANTIN DOSAGE: 100 mg. 


Specific for genitourinary tract infections 


- rapid bactericidal action against a wide 
range of gram-positive and gram-nega- 
tive pathog°ns and organisms resistant to 
other agents + negligible development of 
bacterial resistance exce!!ent tolerance 
—nontoxic to kidneys, liver and blood- 
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ment for 3 daysafter urine becomes sterile. 
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abnormal capillary 
permeability and fragility 
frequently occur in 
and are aggravated by... 
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e successful 
faster and 
practically double 
HCi within 1 to 3 
YO More thar 


Blood levels practically double 
after single capsule dose of Tetrex 
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The synergistic action of Nembutal® 
and reserpine in Nembu-Serpin helps 
you avoid prolonged waiting for a cu- 
mulative response to reserpine alone. 


Patients experience a new sense of calm 


and well-being from the very first day 
of Nembu-Serpin treatment. 
And fast-acting Nembu-Serpin makes 


lower reserpine dosages effective, re- 
duces the incidence of side effects. Com- 
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bines 30 mg. Nembutal Calcium and 
0.25 mg. reserpine. 


for milder cases/for maintenance therapy: 


combining just 15 mg. Nem- ®Fiimtab—Film-sealed tablets ®Nembutal—Pentobarbital, Abbott 


butal Calcium and 0.1 mg. 
reserpine in each Filmtab. 
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LIPAN Capsules contain: Specially 
prepared highly activated, desic- 
cated and defatted whole Pancreas: 
Thiamin HCl, 1.5 mg. Vitamin D, 
500 1.U. 


Available: Bottles 180’s, 500's. 


ORIASIS 


Proved Clinically Effective Oral Therapy — 


maintenance regimen may keep patients lesion-free. 


COMPLETE LITERATURE AND REPRINTS 
UPON REQUEST. JUST SEND AN Rx BLANK. 


IPAN 


Spirt & Co., Inc. 


WATERBURY, CONN. 


©Copyright 1956 Spirt & Co. 
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A “sense of well-being” is an added 
benefit “Premarin” therapy 


j 
4 


Every woman who suffers in the menopause deserves "Premarin, “ 
widely used natural, oral estrogen. 


“Premarin” produces prompt symptomatic relief and a gratifying 
“sense of well-being.” “Premarin” presents the complete equine 
estrogen-complex. Has no odor, imparts no odor. 


in the menopause and 
the pre- and postmenopausal syndrome 


5642 @ Ayerst Laboratories * New York, N. Y. * Montreal, Canada 
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With two doses a day 


Lipo Gantrisin ‘Roche’—a new, palatable 
liquid for antibacterial therapy— offers 
three significant features: 


1. Only two doses a day needed 
in most cases 


2. Adequate twelve-hour blood levels 
after a single dose 


3. Same therapeutic advantages as 
Gantrisin ‘Roche’ 


Lipo Gantrisin® Acetyl—brand of 
acety! sulfisoxazole in 
vegetable oil emulsion 
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Roche 
For round-the-clock_therapy 
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LAB TESTs 
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TREATMENT 
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dere is Effective Antihypertensive therapy 


WITH GREATER SAFETY 


full effects with smaller doses 


Alseroxylon and alkavervir combined are 
much more effective than either drug 
used alone.' The resulting additive if not 
synergistic action’ provides full antihy- 
pertensive effects with relatively smaller 
doses’ of each component drug and with 
fewer side actions. 


Each scored tablet of Rauvera contains 
1 mg. alseroxylon and 3 mg. alkavervir. 


safe initial and routine therapy 


Safety is a distinguishing feature of 
Rauvera, a potent antihypertensive agent 
with safeguards inherent in the purified 
mixed alkaloid fractions, alseroxylon and 
alkavervir. The risks of depression,* pos- 
tural hypotension or a reduction of blood 
pressure to undesirable levels are virtually 
absent with Rauvera. Patients can be 
started routinely on Rauvera. Therapy can 
be continued over long periods of time. 


1. LaBarbera, J.F.: Med.Rec. & Ann. 50:242, 1956. 2. Ledbetter, P.V., 
and Morrow, E.J.: J. Am. Geriatrics Soc. 3:172 (March) 1955. 3. 
Wilkins, R.W.: Am. J. Med. 17:703 (Nov.) 1954. 4. Moyer, J.H.; 
Dennis, E., and Ford, R.: A.M.A. Arch. Int. Med. 96:530, 1955. 


RAUVERA 


SMITH-DORSEY a division of The Wander Company Lincoln, Nebraska 
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Why are 


Tablets better for pain? 


SPEED almost 
OF WITHIN immediate 
ACTION | S-15 MINUTES*® relief of pain 
slee 
DURATION P 
OF S6 HOURS uninterrupted 
1-3 
EFFECT AND LONGER by pain 
reliability 
1-s 
PAIN RELIEF COMPLETE _ pain relief 


excellent for 


INCIDENCE 

OF chronic and 

CONSTIPATION bedridden 
\ patients 


Betti thar, codeine plus 


Average adult dose: | Pencopax* Tablet every 6 hours. 


Supplied: Scored, yellow oral tablets, containing salts of dihydrohy- 
droxycodeinone and homatropine, plus APC. May be habit-forming. 
Percovan Tablets are available at all pharmacies. 

References: |. Piper, C. E.. and Nicklas, F. W.: Indust. Med. 232510, 1954. 
2. Blank, P., and Boas, H.: Ann. West. Med. & Surg. 6-376, 1952. 3. Chaske, W. J.: 


J. District of Columbia Dent. Soc. 31:3, Ne. 5, 1956. 4. Cass, L. J. and Frederick, 
W. S.: M. Times 84:1318, 1956. 5. Bonica, J. J.: CP 10:35, No. 5, 1954. 


Per 2.028.108 
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‘Well, I always prescribe Rorer’s Maalor. It’s an excellent 
antacid, doesn’t constipate and patients will take wt indefinitely.”’ 


MAALOX"* suspension, bottles of 12 fluidounces (sample on request); tablets, bottles of 100. 


Anefficient antacid suspension of magnesium-aluminum hydroxide gel; tablets, 0.4Gm. 


H. Rorer, INC. 4865 Stenton Ave., Philadelphia 44, Pennsylvania 
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Against Pathogen & Pain 
in urinary tract infections 


Azo Gantrisin combines the single, soluble 
sulfonamide, Gantrisin, with a time-tested 


urinary analgesic - in a single tablet. 


Prompt relief of pain and other discomfort is 
provided together with the wide-spectrum 
antibacterial effectiveness of Gantrisin which 
achieves both high urinary and plasma levels so 
important in both ascending and descending 
urinary tract infections. 


Each Azo Gantrisin tablet contains 0.5 Gm Gantrisin ‘Roche’ plus 5O m 


phenylazo-diamino-pyridine HCl. Gentrisin® - brand of sulfisoxazole 


Original Research in Medicine and Chemistry 


(Roce) 


specifically for reduction of overweight 


< 


R il 1) N 
(brand of phenmetrazine hydrochloride) 


*...a highly effective and safe appetite suppressant...” 


Based on clinical reports, Pee. uoin produces more than twice the weight loss 
achieved by potients receiving a placebo. It is singularly free of tendency to 
produce serious side actions, as well as stimulation.’? Preiuoin imparts a 
feeling of well-being that encourages the patient to cooperate willingly in 
treatment.’ ? 


The reduced incidence of side actions with Peecuoin makes losing weight more 
comfortable for the average patient, facilitates treatment of the complicated 
case and frequently permits its use where other anorexionts are not tolerated.? 


Recommended Dosage: One tablet two to three times daily one hour before 
meals. Occasionally smaller dosage suffices. On theoretical grounds, PRELUDIN 
should not be given to patients with severe hypertension, thyrotoxicosis or 
acute coronary disease. 

(1) Molt, O. Dollies Med. J. 42) 497, 1956. (2) Gelvin, E. MeGowock, T. H., ond Kenigsberg, S.: 
Am. J. Digest. Dis, 1.155, 1956. Notenshom, A. Am. Pract. & Digest Treat. 7) 1456, 1956. 


Pee. vorm® (brond of phenmetrazme hydrochloride). Scored, squore, pink tablets of 25 mg. Under license from 


GS EIGSY tow vor 
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Relieved of symptoms but still alert... 
is the patient for whom you prescribe 


for “‘...effective control of allergic 
symptoms with 
little risk of sedation...’” 


CLISTIN dosage forms: 

Tablets Clistin, 4 mg. 

Tablets Clistin R-A (Repeat Action 
Tablets Clistin, 8 mg.) 

Elixir Clistin, 4 mg. per 5 cc. 


1. Johnson, H. J., Jr.: Am. Pract. & Digest. 
Treat. 5:862 (Nov.) 1954. 
2. Beale, H. D.; Rawling, F. F. A., and 


Figley, K. D.: J. Allergy 25:521 (Nov.) 1954. 


Corbmoscmine Moleote 


A “... potent antihistaminic drug with only weak 
sedative properties...’"* Clistin is right 


...for the patient who must remain wide awake 
and on the job in spite of his allergy 


...for the very young allergy sufferer 
...for ALL your allergy patients 


LABORATORIES, INC. 
Philedeliphie 32, Pe. 
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“T have used meprobamate in my 
general psychiatric practice since April, 1955, 
and believe it to be /a! drug of choice for 
relief of tension, anxiety and insomnia.” 


~ “... the patient [taking Miltown] 

repo | | never describes himself as feeling detached 
oe or ‘insulated’ by the drug. He remains... 

in control of his faculties, both mental 

3) and physical, and his responsiveness to other 

persons is characteristically improved.” 


“Of special importance is the fact 

¢-3 that Miltown does not appear to affect 

. autonomic balance—which in alcoholics is 
often unstable...” 


‘y “The [relative] absence of toxicity, 
both subjectively and objectively, is 
an important feature in favor of Miltown. 
In addition, there were no withdrawal 
phenomena noted on cessation of therapy, 
whether it was withdrawn rapidly or slowly.” 


\“ “Miltown is of most value in the 
so-called anxiety neurosis syndrome, especially 
when the primary symptom is tension. . . 
Miltown is an effective dormifacient and 
appears to have... . advantages over the 
conventional sedatives except in psychotic 
patients. It relaxes the patient for natural 
sleep rather than forcing sleep.” 


THE ORIGINAL MEPROBAMATE 


discovered and introduced 
by _ Wallace Laboratories, New Brunswick, N. J. 


2-methyl-2-n-propyl-1 ,3-propanediol dicarbamate—l’. S. Patent 2,724,720 


SUPPLIED: 400 mg. scored tablets. Usual dose: 1 or 2 iablets t.1.d, 


Literature and Samples Available on Request 
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A Better Antihypertensive 


“We prefer to use 

alseroxylon (Rauwiloid) 
since it is less likely to produce excessive fatigue and 
weakness than does reserpine.””! Up to 80% of patients 
with mild labile hypertension and many with more 
severe forms are controlled with Rauwiloid alone. 


1. Moyer, J.H.: J. Louisiana M. Soc. 
231 (July) 1956. 


A Better Tranquilizer, too 
“,..relief from anxiety resulted in generally in- 
creased intellectual and psychomotor efficiency with 
a few exceptions.”’? Rauwiloid is outstanding for its 
nonsoporific sedative action in a long list of unre- 
lated diseases not necessarily associated with hy- 
pertension but burdened by psychic overlay. 


2. Wright, W.T., Jr., et al.: J. Kansas M. Soc, 
57:410 (July) 1956. 


Dosage: Merely two 2 mg. tablets at bedtime. 


After full effect one tablet suffices. 


Best first step when more potent drugs are needed 


Rauwiloid is recognized as basal 
medication in all grades and types 
of hypertension.In combination with 
more potent agents it proves syner- 
gisticor potentiating, making smaller 


Rauwiloid+ Veriloid 

In moderate to severe hypertension 
this single-tablet combination per- 
mits long-term therapy with depend- 
ably stableresponse. Each tablet con- 
tains 1 mg. Rauwiloid and 3 mg. Veri- 
loid. Initial dose, 1 tablet t.i.d., p.c. 


Rauwiloid + 
Hexamethonium 
In severe, otherwise intractable hy- 


erratic response to hexamethonium. 
- ; Each tablet contains 1 mg. Rauwi- 
loid and 250 mg. hexamethonium 
chloride dihydrate. Initial dose, 4 

tablet q.i.d. 

Riker wos anceus 


1 when biood pressure 
must come down 


increased antihypertensive benefits 
Lowering of diastolic and systolic pressures 
Beneficial bradycardia 

Increase in renal blood flow 


low dosage of Apresoline 
Combined with Serpasil, Apresoline is effective at an 
average daily dose of only 200 mg. Thus, side effects 
such as headache and tachycardia seldom occur. 


versatility 
Easier management of hypertension is made possible 
by two tablet strengths of Serpasil-Apresoline. 


All patients to be given Serpasil-Apresoline may bene,t 
from priming with Serpasil. 


SERPASIL-APRESOLINE Tablets #2 (standard-strength, 
scored), each containing 0.2 mg. of Serpasil and 50 mg. of 
Apresoline hydrochloride; Tablets #1 (half-strength, 
scored), each containing 0.1 mg. of Serpasil and 25 mg. of 
Apresoline hydrochloride. 


hydrochloride 
(reserpine and hydralazine hydrochloride CIBA) 
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